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Chapter-1 
INTRODUCTION 
The word "pulse" is derived from the latin "puis, pultis", a thick soup. 
It is the broad term used to describe the dried, edible seeds of legumes. Grain 
legumes, commonly known as pulses, are important ingredient in the Indian 
diet which is predominantly vegetarian. In addition, they are also a rich source 
of energy, minerals and certain vitamins of B-complex group. Further, the 
amino acid composition of pulse protein is such that a mixed diet of cereal and 
pulse has superior biological value than either of the components alone. 
Consequently, pulses help in checking the malnutrition among the children of 
our country. 
Pulses cultivation is world wide from ancient times. Pulse crops have 
been the main stay of Indian Agriculture, enabling land to turn out seasonable 
qualities of food grains. Generally included in rotation in most of the areas, 
because of their ability to keep soil alive and productive. 
Although India has the distinction of being the world's single largest 
producer of pulses, the difference in production and population ratio is 
significant. The increase in population has pushed up demand of pulses while 
the fall in availability has pushed up their prices. Although, a large area of 
approximately 20-22 million hectares is under different pulse crops, their 
production is more or less stagnant for the last four decades, which is ranged 
between 11-13 million tonnes (Ali and Kumar,2006). This fall in availability of 
pulses is attributed to many factors, pulses are mostly grown under rainfed 
conditions where drought is a common feature. Other factors include their low 
harvest index, prolonged vegetative growth, low yield and their susceptibility 
to diseases. Trends in area, production and yield of pulses in India and Uttar 
Pradesh are given in Tables 1&2. 
Table 1: Area, production and yield of pulses in India. 
Year 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
Area (m ha) 
20.35 
22.01 
20.50 
23.44 
22.47 
22.43 
23.76 
Production 
(m tons) 
11.08 
13.37 
11.12 
14.94 
13.38 
13.11 
14.11 
Yield (kg/ha) 
544 
607 
543 
637 
595 
585 
594 
Table 2: Area, production and yield of pulses in Uttar Pradesh. 
Year 
2001 
2002 
2003 
2004 
2005 
2006 
Area (m ha) 
26.91 
26.82 
26.77 
27.08 
26.92 
27.42 
Production 
(m tons) 
21.60 
23.77 
22.02 
24.00 
23.56 
22.06 
Yield(kg/ha) 
803 
886 
822 
886 
875 
805 
Besides their nutritional value, pulse crops are endowed with unique 
property of maintaining and restoring soil fertility through biological nitrogen 
fixation from the atmosphere as well as of conserving and improving physical 
properties of soil by virtue of their deep and wellspread root system. Pulses 
provide nutritious green fodder for feeding the catties. 
Blackgram or Urdbean {Vigna mungo (L.) Hepper) is a highly self 
pollinated crop with cliestogamy up to 42% (Puneglov,1968). Urdbean is grown 
all over the South East Asia. In India it is mostly grown as a kharif crop. The 
crop prefers water retentive stiff or heavy soil and does well on both black cotton 
soils and brown alluviums with pH ranging from 4.7 to 7.5. Urdbean is grown 
over an area of 3.15 million hectares with production of 1.49 million tonnes. The 
average yield of 4.73 kg/ha is low in comparison to major grain legumes like 
chickpea and pigeonpea. Trends in area , production and yield of urdbean in 
India and Uttar Pradesh is given in Tables 3&4. 
Table 3: Area, production and yield of urdbean in India. 
Year 
2001 
2002 
2003 
2004 
2005 
Area (m ha) 
30.11 
33.03 
35.50 
34.24 
31.69 
Production 
(m tons) 
12.96 
14.99 
14.73 
14.71 
13.26 
Yield (kg/ha) 
431 
454 
415 
430 
419 
Table 4: Area, production and yield of urdbean in Uttar Pradesh. 
Year 
2001 
2002 
2003 
2004 
2005 
Area (m ha) 
38.52 
42.29 
45.40 
55.65 
53.49 
Production 
(m tons) 
16.29 
17.80 
18.82 
15.04 
20.76 
Yield (kg/ha) 
423 
421 
415 
270 
388 
1.1. Botanical description 
Urdbean (Vigna mungo (L.) Hepper) belongs to the family Fabaceae. 
The plant is spreading annual with procumbant branches. Stem is longer, whole 
plant much hairy with reddish brown pubescence which gives the foliage a 
lighter tint. Leaves are large trifoliate with broad ovate and entire leaflets. The 
inflorescence consists of a cluster of four to six flowers at the top of a long stout 
hairy penduncle. Corolla is pale or lemon yellow. Flower is bisexual, 
zygomorphic, 5 sepals and 5 petals, 10 stamens (9+1) and single carpelled 
superior ovary with hairy style. Hairy pods are cylindrical and more or less 
curved. Seeds are slightly larger than those of mungbean, usually dark brown, 
sometimes black or dull greenish-grey in colour. Germination is epigeal. 
1.2. Economic importance 
Dried green stalk and leaves of urdbean are used as fodder. Green pods 
are consumed as vegetable by preparing various delicacies. The abundance of 
foliage and luxurious vegetation growth together with the deep root system of 
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urdbean are helpful for conservation of soil moisture and prevention of soil 
erosion. Further, medicines are extracted from various parts of this plant to be 
used both externally and internally in paralysis, rheumatism and infection of 
nervous system. It is generally recommended as a medicinal diet in case of 
flatulence because of its easier digestibility. 
Urdbean has protein as high as 24 percent. It also has superior amino 
acid profile which makes its protein nutritionally more balanced. In addition to 
proteins and carbohydrates, urdbean contains various vitamins and minerals 
(Table 5). 
Table-5: Nutritional composition of urdbean (100 g of dry edible parts). 
Crop 
Urdbean 
Energy 
(K cal.) 
385 
Protein 
(%) 
23.5 
Oil 
(g) 
1.8 
Total 
Carbohydrate 
(g) 
71.0 
Fibre 
(g) 
4.9 
Ash 
(g) 
3.8 
Ca P 
(mg) (mg) 
123 390 
Fe \ 
(mg) 
9.4 ; 
Source: Yojana 32 (77) September, 1988. 
13. Genetic variability 
Breeding programmes to improve this nutritious pulse crop have not 
been commensurate with its role in the Indian diet. Though the crop 
improvement work on urdbean has been in progress for several years at various 
state agriculture universities and ICAR institutes in India, the programmes lacked 
systematic and coordinated efforts. It was only after 1967 that the crop alongwith 
other pulses started receiving thrust under the All India Coordinated Programme 
on Improvement of Pulses (AICPIP). 
Until 1970, the varieties were developed by selection among and 
within landraces. Some of the varieties have made long lasting contributions to 
urdbean production. T-9, a collection from Bareilly (U.P.) in early fifties, has 
been used extensively in breeding programme. In combination with LM 151. 
LU 220 and L 64, it has led to the development of varieties PS 1, UG 218 and 
KM 2. UPU 1, a selection from T-9, in combination with UPU 2 has led to the 
development varieties Pant U-19 and PantU-30. Sincere efforts have gradually 
been made for hybridization followed by selection with emphasis on desired 
recombinants. 
1.4. Induced mutations 
Recent approach to yield improvement in pulses is based on the 
recognition that a large amount of genetic variability has eroded in the process 
of adaptation to stress environments. Thus, conventional breeding methodology 
has failed to surpass the yield barriers as it depends entirely on the naturally 
occurring mechanism of genetic recombination. Modern techniques in 
biotechnology and molecular genetics developed and utilized in various crops 
in recent years seems to replace or affectively supplement the conventional 
methods (Krauter et a/.,1991; Friedt et a/.,1995; Nirmala and Kaul,1997). 
Due to the lack of sufficient natural variability for yield and its 
components in urdbean, conventional methods have a limited scope. 
Gustafsson (1947) advocated that mutation approach was superior to other 
methods of crop improvement. Mutations provide an opportunity to create 
hitherto unknown alleles, so that the plant breeder does not remain handicapped 
due to limited allelic variation at one or more gene loci of interest. Fried (1969) 
concluded that for increasing food production in the world, induced 
mutagenesis is important in creating variability in the breeding population to 
improve yield, earliness and disease resistance. Reconstruction of plant types to 
improve the productivity in chickpea (Shaikh et a/., 1982) through induced 
mutations stimulates to speculate further and exploit this methodology fully. 
Thus, mutation breeding technique may have a greater role in crops like pulses 
where a large part of natural variability has been eliminated in the process of 
adaptation to the environmental stress. In recent years, a lot of work has been 
undertaken on induced mutagenesis through physical and chemical mutagens. 
It has been clearly shown in a number of plant species that the effect induced 
varies with the varying mutagens and with variation in mutagen dose. Thus, 
selecting a mutagen and its optimum dose for a genotype in any plant species is 
an important step in mutation breeding programme. 
Mutations are generally grouped into two major categories on the basis 
of their phenotypic manifestation; 
(l)Macromutations - with large changes in the characters which can be 
detected even without instrumental help at the level of individual plants, 
and 
(2) Micromutations - with minor changes in the properties which are 
practically unidentifiable in an individual plant but can be measured at 
the level of population using various statistical parameters, such as 
character mean, variance etc. 
Macromutations, whether resuhing from single gene changes or 
chromosomal aberrations, behave as monogenic traits and follow the 
Mendelian pattern of inheritance. On the other hand, micromutations are 
governed by the principles of quantitative genetics. Micromutations 
produce genetic variability in quantitative traits of the crop plants. Hence, 
they deserve full attention of plant breeders. Such mutations should be 
useful for improving quantitatively inherited traits (eg. grain yield) without 
disturbing the major part of genotype and the phenotypic architecture of the 
crop. 
In the recent years there have been a number of attempts to assess 
radiation induced genetic variability in quantitative traits of different crop 
plants such as rice (Kaul,1980; Kaul and Garg,1982; Kaul and Kumar 1983; 
Singh et a/.,1998), barley (Gaul,1964; Nalini et a/.,1993) and pulses 
(Chaturvedi and Singh, 1981; Patil and Bhalla,1985; Singh, 1996). However, 
little information exists concerning the influence of chemical mutagens on 
quantitative traits in pulses, particularly in urdbean. 
In the present study, an attempt has been made to evaluate 
quantitative traits in Mi generation following mutagenesis with EMS and 
SA alone and EMS+SA in combination in two varieties of urdbean viz.,T-9 
and Pant U-30. 
The objectives of the study were: 
1) to study the effect of chemical mutagens on such biological 
parameters as seed germination, pollen fertility, plant survival, 
seedling height and cytological abnormalities in Mi generation 
2) to test effectiveness of chemical mutagens for the induction of 
quantitative variability in urdbean 
3) to study the frequency and spectrum of morphological variations, if 
any 
4) to study the differential response of two varieties (T-9 and Pant U-
30) to various chemical mutagens. 

Chapter-2 
REVIEW OF LITERATURE 
2.1. Origin and distribution 
Urdbean or blackgram (Vigna mungo (L.) Hepper) is an ancient crop 
of India as evident from its occurrence in archeological excavations. 
Considerable diversity in forms and morphological variants available in the 
country makes the Indian gene centre as an important for the species 
(Arora,1988). Vigna mungo var. silvestris the progenitor of urdbean (Singh and 
Ahuja,1977; Lukoki et a/., 1980; Miyazaki,1982; Chandel,1984) is 
domesticated in open shrub land vegetation in the Western Ghats and Northern 
hilly tracts of Maharashtra (Chandel,1984; Arora,1985). This wild progenitor is 
viny and hairy with small seeds having prominent raised hilum. The present 
day cultivars might have originated from new combinations of already existing 
characteristics, modification in growth habits and increase in seed size brought 
about by possible accumulation of recessive mutant genes (Sen and 
Murty,1960; Smartt,1985). During domestication the dehiscent nature of pods 
and seed hardiness of the wild progenitors have been selected out. Based on the 
seed colour and other characteristics, cuhivated urdbean has been grouped 
under two main types viz., var. mungo with large black seeds and early 
maturity, and var. viridis with small greenish seeds and late maturity (Rao and 
Jana,1974). The green seeded types are locally known as 'Katikaihia' urd and 
generally grown as mixed crop with sorghum, pigeonpea and cotton. 
There has been a great controversy among the taxonomists regarding 
the correct botanical name to be assigned to blackgram. The name Phaseolus 
mungo (L.) for blackgram remained viable until the transfer of Asiatic 
Phaseolus species to the genus Vigna on the basis of certain characters. Finally 
Wilczek (1954) named Vigna radiata (L.) Wilczek for greengram and Hepper 
(1956) named Vigna mungo (L.) Hepper, for black gram having originated in 
India, it is widely cultivated here in a wide range of agroclimatic conditions. 
Karpechenko (1925) reported diploid chromosomes number (2n) of 
blackgram as 22. Dana (1980) also confirmed the same findings 
2.2. Induced mutagenesis 
Urdbean is one of the main grain legumes of the Indian subcontinent. 
Urdbean forms a major source of dietary protein for the predominantly 
vegetarian population of India. However, production and productivity of 
urdbean remains low. Low productivity of urdbean can be ascribed to the 
narrow genetic base, inherently low yielding potential of the cultivars and their 
susceptibility to diseases. No extensive efforts have been made to genetically 
improve the crop, barring a few efforts to identify the important morphological 
descriptors and develop advanced breeding lines to meet the region specific 
adaptation. However, during the last few decades, there have been some efforts 
to improve the crop through induced mutations. 
Biotechnological and molecular studies have also been initiated in 
recent decades to address the urdbean breeding problems. Induced mutations 
have been used to enhance genetic variability, which was utilized not only to 
11 
increase crop productivity but also for basic studies in various crops (Chopra 
and Sharma,1985). Both physical and chemical mutagens were used 
individually or in combinations to induce mutations. Mutational studies, in 
general, involved i) the assessment of different genotypes for selecting 
appropriate mutagenic doses, ii) determination of effectiveness and efficiency 
of different mutagenic treatments, iii) breeding behaviour of mutants, and iv) 
utilization of desirable mutants for developing varieties. In almost all cases, dry 
or soaked seeds were treated with physical or chemical mutagens (Van-Harten, 
1998). A detailed account on induced mutations in urdbean has been given by 
Sourframanien and Pandey (2006). 
2.2.1. Dose effect / LD-50 
The dose required for high mutation efficiency of a physical or 
chemical mutagen depends on properties of mutagenic agents and of biological 
system in question. In general, the dose effect of physical and chemical 
mutagenic treatment comprises several parameters, of which the most 
important are dose rate, concentration, duration of treatments, temperature and 
pH during treatments. 
Lethal dose (LD-50) gives an idea about the appropriate dose of 
mutagen in an experiment on the induced mutagenesis. In chickpea 
(Singh, 1988a) reported LD-50 value for gamma rays at 460 Gy (var.G 130) and 
483 Gy (var.H208) and for EMS at 0.25% (var.G130) and 0.2% (var.H 208). 
In both the varieties 0.4% EMS treatment was most lethal. Kharakwal (1981a) 
reported higer lethality in 0.2% EMS in comparison to 400 Gy and 500 Gy 
gamma rays. Higher LD-50 values for gamma rays in chicicpea in comparison 
to others pulse crops such as 30 Gy in blackgram (Khan, 1988), 200 Gy in lentil 
(Singh, 1983) and 100 Gy in pea (Singh, 1988b) indicate its greater resistance to 
the mutagen. Further, differences have been observed for LD-50 values in 
different chickpea varieties, which is attributed to their differential 
radiosensitivity. A decline in the survival of a mutated population has been 
associated with the increase in the dose of mutagen (Farooq and Nizam, 1979; 
Singh, 1988b), which have resulted from cytogenic damage and/or 
physiological disturbances as also reported earlier by Sato and Gaul (1967). 
Both gamma rays and EMS have shown to have a dose related 
reduction in seed germination and pollen fertility (Nerker,1970; Rao and 
Laxmi,1980; Khanna and Maherchandani,1981; Gautam et a/.,1992; 
Wani,2007). Dose linked effectiveness of EMS and gamma rays was noted in 
chickpea in terms of germination, reduction in pollen fertility, chlorophyll 
mutations and seedling height (Kalia et a/., 1981; Kharkwal,1981a; 
Khanna,l991; Gumber et a/., 1965; Parveen,2006). Similar effects were also 
reported in peas (Salim et a/., 1974), pearl millet (Singh et al.,\91%), Vigna 
radiata (Singh and Chaturvedi,1980; Khan and Wani,2004), Lens culinaris 
(Sharma and Sharma, 1981b; Khan,2002; Wani,2003), Arachis hypogea 
(Venkatachalam and Jayabalan,1995) and Nigella sativa (Mitra and 
Bhowmik,1999). 
With a view to enhance the mutation rate and also to alter the 
spectrum of mutations, many variations in the treatment methodology have 
been used by different workers. Treatment with chemical mutagens have been 
given to dry as well as to soaked seeds, seedlings at different developmental 
stages, different phases of cell cycle at variable temperature and ionic 
concentrations (Chopra and Pai,1979). Ramana and Natrajan (1965) studied the 
mutagenic efficiency of certain alkylating agents under different treatment 
conditions of temperature and pH concentrartions in barley. They concluded 
that factors such as concentration and diffusion of mutagens, rate of hydrolysis 
and influence of alkylating and non-alkylating groups of chemicals play a 
considerable role in determining the mutagenicity of a compound. 
2.2.2. Mutagenic sensitivity 
It is well known that the same mutagen dose can cause different 
degrees of effect in different species. Varied mutagenic sensitivity in different 
genotypes was first reported by Gregory (1955) in groundnut and by 
Lamprechet (1956) in peas. Similar varietal differences were recorded in 
production of viable and chlorophyll mutations in Nigella sativa (Mitra and 
Bhowmik, 1999) and in Vigna mungo (Rehman,2000) following gamma rays 
and EMS treatments. 
Sharma and Sharma (1981a) observed differential mutagenic response 
of gamma rays and NMU in microsperma and macrosperma lentils. They 
observed better viability of chlorophyll mutations like xantha and chlorina in 
the microsperma than in the macrosperma varieties. 
Venkatachalam and Jayabalan (1995) while using EMS, SA and 
gamma rays found distinct differences in groundnut (Arachis hypogea). 
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Distinct varietal differences to SA in Vigna radiata was observed by Khan et 
al. (2004). Geeta and Vaidyanthan (1997) observed different phenotypic 
response of two soyabean cultivars to ethidium bromide and gamma rays. 
Difference to radiosensitivity were also reported by Khan (1999) in 
blackgram and Nerker (1976) in Lathyrus sativus. Akbar et al. (1976) 
concluded that differences in radiosensitivity may be due to differences in their 
recovery process including enzyme activity. In chickpea, Kharkwal (1998) and 
Parveen (2006) reported that varieties of desi type were more resistant towards 
mutagenic treatments than kabuli and green seeded type. 
Mutagenic response to cytological aberrations has been reported by 
many workers (Rao and Laxmi,1980; Suganthi and Reddy,1992; 
Rehman,2000). Mitra and Bhowmik (1996) observed no varietal differences 
with regard to mitotic index as well as to meiotic abnormalities in Nigella 
sativus. Both cuhivars of Nigella sativa were found equally radiosensitive. 
Ahmad (1978) and Ahmad and Godward (1981) reported radiosensitivity in 
nine cultivars of chickpea. Out of these nine, two cultivars CSIMF and FIG 
were identified as the most radioresistant and radiosensitive, respectively 
Kharakwal (1981a) reported mutagenic sensitivity in four varieties of chickpea 
on the basis of total germination rate, seedling damage, pollen sterility and 
plant survival. 
In general, the varieties with large assortment of recessive alleles 
governing traits(s) show greater sensitivity and frequency of M2 mutants than 
the varieties having more dominant alleles governing a trait (Gelin et a/.,1958; 
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Blixt,1970). The mechanism controlling sensitivity to chemical mutagens and 
X-rays have been reported to be different from those determining sensitivity to 
gamma rays (Sokolov and Balchunene, 1977). 
Among the mutagenic sensitivity alkylating agents, a few members of 
alkane sulphonate series have been found to be exceptionally mutagenic in a 
variety of organisms. Freese (1963) and Heslot (1977) gave a detailed account 
of chemical mutagens like ethylmethane sulphonate (EMS) and diethyl 
sulphate (dES). The mutagenic action of EMS was studied earlier in 
Drosophila (Fahmy and Fahmy,1957), bacteriophage (Loveless, 1959), 
Escherichia coli (Strauss, 1964), barley and wheat (Gustafsson,1960; 
Ehrenberg,1960; Swaminathan et ai, 1962). Gaul (1964) in barley observed 
that EMS was capable of producing more number of various morphological 
mutants as compared to gamma rays. At molecular level, EMS is known to 
react preferentially with guanine and cytosine (Freese, 1963). EMS alongwith 
other alkylating agents is reported to induce substitution by two ways; 
i) By substituting a purine for a purine or a pyrimidine for a pyrimidine 
(transition), 
ii) By substituting a purine for a pyrimidine or a pyrimidine for a purine 
(transversion). 
For causing transversion, EMS alkylates purine at seventh position 
(N ) and finally leads to its separation from the DNA strand, i.e. depurination. 
A gap created because of depurination may be filled up by any of the four 
bases. Because of its ability to induce a high frequency and wide spectrum of 
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mutations (Swaminathan et a/.,1962; Hussain et a/.,1974; Khan et a/.,1998), 
EMS is now being widely accepted as a powerful mutagen and used commonly 
in the induction of mutations in various crop plants. 
Sodium azide (SA), one of the latest addition in the list of potent 
mutagens, has been reported to be highly effective in barley (Nilan et a/., 1973; 
Kleinhof et al.,1974), peas (Sander and Mauehlbauer, 1977), soybean (Vig, 
1973,1975) and mungbean (Khan and Wani,2006b). Sodium azide 
mutagenecity was first observed by Wyss et al. (1948) in their studies on the 
role of peroxides in radiation induced mutagenesis. Later on Berger et 
a/.(1953) observed that sodium azide per se increased the frequency of 
penicillin and streptomycin resistant mutants in Staphylococcus aureus. They 
interpretted the observed mutagenecity as an indirect effect due to the 
inhibition of catalase and peroxidase by sodium azide resulting in the 
accumulation of hydrogen peroxide in the bacterial cells. The hydrogen 
peroxide was presumed to be the actual mutagen. Sodium azide mutagenecity 
in higher plants was discovered inadvertently in experiments using this 
chemical as a respiratory inhibitor in Hordeum vulgare L. (Spence,1965). 
Again, the inhibition of catalase and peroxidase by azide was presumed to 
result in increased peroxide concentration and, therefore, the mutagenic effect. 
Although its effective and efficient mutagenecity was reported by Nilan et al, 
in 1973, it remained unknown since 1948, perhaps because the condition for 
low pH was not met (Warfield,1974). Its pH dependency was reported by Nilan 
e/a/.(1973). 
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2.2.3. Biological damage 
There are many reports to demonstrate the effect of physical and 
chemical mutagens and their combination treatments on different biological 
parameters such as germination, survival, injury and sterility (Chaturvedi and 
Singh, 1981; Vandana and Dubey,1988; Khan, 1990; Khan et a/., 1994; 
Vanniarajan et a/., 1994; Sharma et a/., 1995; Khan et a/., 1999; Sareen and 
Kaul,1999; Verma et a/.,1999; Mitra and Bhowmik,1999; Khan and 
Wani,2005). Reduction in seedling height following treatments with gamma 
rays and EMS was observed in barley (Sharma, 1970). Gupta and Yashvir 
(1975) reported a radioprotective effect of EMS in Abelmoschus esculantum. 
The combined treatments of gamma rays and EMS showed higher germination 
percentage than in corresponding EMS treatments. Chaudhary (1983) reported 
a symmetric reduction in germination in different varieties of wheat with 
higher doses of gamma rays. Parveen (2006) reported the effect of seed 
treatment with different concentration of EMS on germination and growth of 
seedlings in (Vigna mungo). There was a proportionate decrease in germination 
percentage with the increasing concentrations of EMS. 
Khalatkar and Bhatia (1975) studied the effect of gamma rays, EMS 
and their combination on Mi parameters in barley. They observed that the 
seedling injury, chromosomal aberrations, pollen and seed sterility were less in 
combined treatments than in separate treatments. Gamma rays were reported to 
inhibit the uptake of EMS due to the generalized action of radiation on 
metabolic processes in the cells. Singh and Chaturvedi (1980) reported 
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mutagen induced damage such as plant injury and lethality in Mi generation 
arising due to physiological, chromosomal and factor mutations. Khan and 
Siddiqui (1987a) studied the effect of methyl methane sulphonate (MMS) on 
pollen fertility in the var. T-9 of urdbean. 
Gautam et al. (1992) observed a direct relationship of pollen and ovule 
sterility with gamma rays and EMS doses in Vigna mungo, the maximum 
occurring at higher doses. Increase in pollen sterility and decrease in 
germination with increasing doses of gamma rays in Capsicum annum was 
reported by Rao and Laxmi (1980). 
Based on plant survival and sterility, the mutation rate of NMU was 
found to be 1.5- 2.0 times higher than gamma rays (Sharma and Sharma, 
1981a) in microsperma and macrosperma lentils. Rapoport (1966) has called 
the super mutagens in view of their higher mutagenic effect. Mutagenic 
efficiency based on injury and lethality was found higher in combined 
treatments of gamma rays and NMU than their respective individual treatments 
(Dixit and Dubey,1986). Combined treatments also showed greater reduction in 
seedling survival than the individual treatments. 
Bhatnagar (1984) reported the adverse effect of combined treatments 
on germination and survival of plants in chickpea. The pollen sterility increased 
in combined treatments indicating the additive or synergistic effect. Reduction 
in seed germination with the increase in dose of gamma rays in chickpea was 
reported by Khanna (1981, 1991). The EMS treatment was found to cause 
higher sterility than gamma rays in chickpea (Kharakwal,1981b). 
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2.2.3.1. Chemical mutagens 
Bandyopadhyay and Bose (1980) reported chromosomal aberrations 
and pollen sterility in the Mj generation of urdbean variety T-9 following 0.1 % 
and 0.2% of ethyl imine (EI) and hydroxylamine (HA) treatments. El 
treatments were effective in inducing mutations observed in the M2 generation. 
Mahna et al. (1989) found sodium azide to be moderately effective when used 
in acidic solution. Routaray et a/.(1995) found 0.2% and 0.4% of EMS and 
0.015% of sodium azide to be most useful doses. The chemical mutagen, 
especially EMS was reported to give higher mutation frequency than gamma 
rays, Thakur and Sethi (1993). Pre-treatment with the chemical digitonin 
(C56H92O29) just before the treatment with EMS was found to increase the 
frequency of macro-as well as micro- mutations in urdbean (Singh and 
Mohapatra,1997). The Mi injury was found to be a good indicator of induced 
viable macro and micro mutations in the M2 generation of the urdbean strain 
B3-8-8-8 treated with digitonin and EMS (Singh and Mohapatra,2004). The 
spectrum of induced mutants in cultivar T-9 was maximum with combined 
treatment of 40 kR gamma rays + 20 mM EMS followed by the treatment with 
40 kR gamma rays alone (Gautam and Mittal,1998). Various investigations 
have shown that the treatments with 10-15 mM EMS were useful for inducing 
viable mutations in urdbean. Combined treatments with EMS and gamma rays 
showed synergistic effects. 
Jain and Mathur (2006) treated the seeds of two varieties of urdbean 
with EMS and DMS (dimethyl sulphonate) alone as well as in combination 
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with growth regulators viz., lAA and GA. They reported the mutagenic 
effectiveness was higher at lower concentrations of mutagens and DMS was 
more effective mutagen than EMS. 
2.2.3.2. Physical mutagens 
The induction of mutations in urdbean by X-rays was first reported by 
Jana (1962). Thakare (1988) used gamma rays doses in the range of 15-75 kR 
and fast neutrons in the range of 2-6 kR for urdbean variety No. 55 and 
obtained a very large number of mutants. Sinha and Bharati (1990) selected 
mutants affecting different characters following 15-60 kR gamma rays 
irradiation of T-9 variety. In the studies on mutagenic effectiveness and 
efficiency of gamma rays and EMS, Gautam et al. (1992) found that gamma 
rays were more effective than EMS, while EMS alone was 2-2.5 times efficient 
in inducing mutations and there were synergistic effects of the combined 
treatments for increasing mutation frequency in the M2 generation of urdbean 
variety T-9. Sharma et al. (2005) observed that cultivar PDU 1 was more radio 
(gamma rays) and chemo (EMS) resistant than T-9 based on LD50 values. 
Increased frequency of chlorophyll mutations was observed in urdbean 
varieties BG 301 and PDU 1 treated with 30-50 kR gamma rays (John, 1995). 
Various studies (Manapure and Patil,1997; Kumar and Mishra,2004) on radio-
sensitivity and mutagenicity in urdbean showed that a dose range of 300-400 
Gy (or 30-40 kR), and the treatment of seeds under dry conditions, were useful 
for inducing mutations. 
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2.2.4. Cytological abnormalities 
First elaborate report was presented by Auerbach and Robson (1942) 
who showed that mustard gas could induce mutations as well as chromosomal 
aberrations in Drosophila. Urethane was reported to produce chromosomal 
breaks in Oenothera by Ochlker (1946). Formalin was also reported to have 
mutagenic effect when fed to Drosophila (Rapoport, 1946). Sodium azide was 
found to be a very effective mutagen under certain treatment conditions 
(Kleinhofs et.al, 1974), it made possible to obtain high mutation frequency, 
mostly gene mutations, with neigligible frequency of chromosomal aberrations. 
The disturbed mitotic behaviour was noticed following gamma rays, 
MH and gamma rays + MH treatments by Grover and Tejpaul (1982) in Vigna 
radiata. The sticky chromosomes, fragments and ring chromosomes at 
metaphase and the laggards and bridges at anaphase were noticed by these 
workers. The chromosomal aberrations were found to be significantly co-
related with dose. The combined treatment enhanced chromosomal aberrations. 
Similarly, the meiotic process was also affected. The quadrivalents, presumably 
due to translocations, were occasionally encountered on metaphase-I. Irregular 
disjunction of chromosome at anaphase-I, accompanied by laggards was also 
observed. 
Grover and Virk (1986) further reported a comparative study on the 
induction of chromosomal aberrations in the two varieties of mungbean by 
gamma rays, MNNG, EMS and HA. All the chemical mutagens and gamma 
rays induced chromosomal aberrations.The maximum frequency was noticed 
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with gamma rays followed by MNNG, EMS and HA. G-65 variety was found 
to be more sensitive with treatment of EMS and HA. The quadrivalents, 
trivalents and univalents were encountered at metaphase-1 in pollen mother 
cells. Irregular distribution of chromosomes at anaphase-I accompanied by 
laggards and chromatin bridges were observed. Mitotic abnormalities like 
misorientation at metaphase, bridges at anaphase, fragmentation and 
multinucleolate condition were also observed by Shah et al. (1992) in gamma 
rays treated Vigna mungo. 
Vandana et al. (1996) reported the meiotic anomalies induced by EMS 
and DES in Vicia faba. These anomolies were found to increase with the 
increase in the concentrations of mutagens applied. Overall frequency of 
meiotic anomalies induced by various concentrations of DES was higher than 
those of EMS. However, EMS treatments induced higher proportion of 
anomalies in pairing whereas DES induced higher proportion of anomalies 
during anaphasic disjunction. 
Bhat et a/.(2005) provided a relative account of cytological and 
developmental effects of gamma rays, EMS and MMS on meiotic features and 
pollen fertility in Vicia faba L.. The various kinds of chromosomal 
abnormalities and reduction in pollen fertility were found to be dose dependent. 
The induction of meiotic abnormalities was observed to be higher under MMS 
treatments, followed by gamma rays and EMS, suggesting that MMS could be 
more effective in inducing chromosomal abnormalities followed by gamma 
rays and EMS. Precocious migration of univalents to the poles is a very 
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common abnormality among plants (Pagliarini,1990; Pagliaririni and 
Pereira,1992; Defani-Scoarize et a/.,1995a,b; Consolaro et a/., 1996), the other 
segregational abnormality (non-oriented bivalents) is rare, but is known to 
occur in Chlorophytum comosum (Pagliarini et al, 1993). The behaviour of 
these and of the laggard chromosomes is characteristic in that they generally 
lead to micronucleus formation (Koduru and Rao, 1981). 
Sticky chromosomes were first reported in maize (Beadle, 1932) and 
are seen as intense chromatin clustering in the pachytene stage. The phenotypic 
manifestation of stickiness may vary from mild, when only a few chromosomes 
of the genome are involved, to intense, with the formation of pycnotic nuclei 
that may involve the entire genome, culminating in chromatin degeneration. 
Chromosome stickiness may be caused by genetic or environmental factors. 
Genetically controlled stickiness has been described in other cultivated plants 
such as maize (Beadle,1932; Golubovskaya,1989; Caetano-Pereira et al.,\995), 
pearl millet (Rao et al.,1990) and wheat (Zanella et al.,\99l). Several agents 
have been reported to cause chromosome stickiness, including X-rays 
(Steffensen, 1956), gamma rays (Rao and Rao, 1977; Al Achkar et a/., 1989), 
temperature (Erikisson,1968), herbicides (Badr and Ibrahim, 1987) and some 
chemicals present in soil (Levan,1945; Steffensen, 1955; Caetano-Pereira et 
al.,l995). However, the primary cause and biochemical basis of chromosome 
stickiness are still unknown. Gaulden (1987) postulated that sticky 
chromosomes may result from the defective functioning of one or two types of 
specific non-histone proteins involved in chromosome organization, which are 
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needed for chromatid separation and segregation. The altered functioning of 
these proteins leading to stickiness is caused by mutations in the structural 
genes coding for them (hereditary stickiness) or by the action of mutagens on 
the proteins (induced stickiness). 
Cytoplasmic connections is a phenomenon widely described in 
angiosperms (Heslop-Harrison,1966; Risueno et a/.,1969; Whelan,1974). The 
first description was made by Gates (1908), who observed delicate threads of 
cytoplasm connecting adjacent pollen mother cells in Oenothera. Gates (1911) 
subsequently suggested that these connections must form an important avenue 
of exchange between PMCs, and described the transfer of nuclear material 
through them from one meiocyte to another, calling the process "cytomixis". 
According to Heslop- Harrison (1966) and Risueno et al. (1969), the role of 
cytoplasmic channels is related to the transport of nutrients between meiocytes. 
Investigations in angiosperms have provided evidence that massive 
protoplasmic connections are formed among microsporocytes. Although 
cytoplasmic connections are very commom in angiosperms, the movement of 
nuclear material through them is rare. In general, cytomixis has been detected 
at a higher frequency in genetically imbalanced species such as hybrids, as well 
as in apomitic, haploid and polyploid species (Yen et al., 1993). Among the 
factors proposed to cause cytomixis are the influence of genes, fixation effects, 
pathological conditions, herbicides and temperature (Caetano-Pereira and 
Pagliarini,1997). Cytomixis may have serious genetic consequences by causing 
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deviation in ciiromosome number and may represent an additional mechanism 
for the origin of aneuploidy and polyploidy (Sarvella,1958). 
The abnormal spindles have been reported in various crops (Harlan 
and De Wet, 1975; Veilleux,1985). The spindle apparatus is normally bipolar 
and acts as a single unit, playing a crucial role in the alignment of metaphase 
chromosomes and their poleward movement during anaphase. Distortion in 
meiotic spindles may be responsible for unreduced gamete formation. The 
formation of unreduced gametes has been investigated in studies of evolution 
(Harlan and De Wet, 1975) and in breeding programmes (Veilleux,1985). 
Meiotic abnormalities cause male sterility (Khan and Goyal,2008). 
Chromatin bridges and micronuclei were described for the first time in 
interspecific hybrids of Glycine max x Glycine soja by Ahmad et al. (1977), 
who found that the extent of abnormalities was influenced by environmental 
condhions. The same abnormalities were reported by Ahmad et al. (1984), who 
concluded that chromosome behaviour and fertility depends on the percentage 
of the hybrids and on environmental temperature. Their results, obtained in 
greenhouse and controlled environmental studies, suggest that at least three 
factors (genotype, temperature and genotype x temperature interaction) 
influence chromosome behaviour and fertility. 
Studies on different plant species have shown that the decline in seed 
production is correlated with meiotic irregularities (La Fleur and Jalal,1972; 
Dewald and Jalal,1974; Moraes-Fernandes,1982; Smith and Murphy, 1986; 
Pagliarini and Pereira,1992; Pagliarini et a/.,1993; Consolaro et ai,1996; 
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Khazanehdari and Jones, 1997). In most of the mungbean varieties, pollen 
fertility showed a close relationship with meiotic abnormalities (Khan, 1990). 
2.3. Chlorophyll mutations 
Several chlorophyll mutants like chlorina, viriscense, viridis, flavo-
viridis, albo-viridis, chlorina-terminalis, chlorina-viriscens, albo-viriscens, 
chlorotica, aurea, albina and xantha were observed following treatments with 
physical or chemical mutagens or their combinations (Goswami,1980; Kundu 
and Singh, 1982; Rao et a/., 1975; Vandana,1991; Singh et «/.,1999 and 
Thakare,1988). 
Grover and Virk (1984) reported the potentiality of gamma rays, 
MNNG, EMS and HA to induce chlorophyll mutation in mungbean. The 
chlorophyll mutants spectrum includes xantha, chlorina, maculata, viridis, 
viriscens, xanthochlorina and chlorinoxantha. They found the maximum 
frequency of chlorophyll mutants in MNNG treated plants. Gamma rays 
induced xantha type most frequently whereas the frequency of chlorina mutants 
following chemical mutagenic treatment was more. 
Vanniarajan et al. (1993) treated the two varieties of blackgram with 
gamma rays and EMS to study the frequency of chlorophyll mutations. Gamma 
rays were more efficient than EMS in inducing chlorophyll mutations in both 
the varieties. 
Using sodium azide (SA) and hydrazine hydrate (HZ) chlorophyll 
mutations were induced in Vigna radiata var. Asha by Mehraj-ud-din et al. 
(1999). The spectrum of chlorophyll mutations consisted of albina, chlorina, 
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viriscens, viridis and xantha. Out of these, xantha type was predominant in both 
the mutagenic treatments. They further reported that the frequency and 
spectrum of chlorophyll mutations was highest at lower doses of mutagens. HZ 
was found to be most efficient and effective mutagen with respect to the 
biological damage and high frequency of chlorophyll mutations. 
Khan et al. (2005) reported a broad spectrum of chlorophyll mutations 
in M2 generation by using EMS, SA and HZ in two varieties viz., Avrodhi and 
BG-256 of Cicer arietinum. They found that lower and moderate 
concentrations of EMS gave higher frequency of chlorophyll mutations as 
compared to other two mutagens. Chlorophyll mutation frequency was found 
maximum with EMS treatments followed by HZ and SA. 'Xantha' followed by 
'chlorina' out numbered other types of chlorophyll mutants. 
2.3.1. Mutagenic effectiveness and efficiency 
Studies on effectiveness, i.e., the number of mutations produced per 
unit dose and efficiency i.e., the ratio of specific desirable mutagenic change to 
undesired effects like plant damage, sterility or lethality, of the physical and 
chemical mutagens were carried out in various crops by several workers (Khan 
and Hashim, 1979; Badami and Bhalla,1992; Khan et a/., 1998b; Mehraj-ud-din 
et a/., 1999; Khan, 1999; Koli and Rama Krishna,2002). Grover and Virk (1984) 
found that MNNG, EMS and HA are more effective mutagens than gamma 
rays whereas gamma rays are more efficient than chemical mutagens in 
mungbean. 
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Khan et al. (2005) found the order of mutagenic effectiveness in 
chickpea as HZ>SA>EMS. They took three criteria (Mf/S) and meiotic 
abnormalities (Mf/ Me) for estimation of mutagenic efficiency. The order of 
efficiency with regard to Mf/I and Mf/S was: HZ>EMS>SA and 
EMS>HZ>SA, respectively, while with regard to chromosomal aberrations, the 
order of efficiency in var. Avrodhi was: EMS>SA>HZ and it was: 
HZ>EMS>SA in var. BG-256. 
2.4. Morphological mutations 
2.4.1. Altered plant architecture 
Visible macromutants are generally the variation in the morphological 
parameters. Morphological parameters are mainly the variation in lamina 
shapes of leaves and leaflets with respect to lobes and serration on lamina 
surface. Leaf multifoliation is also a type of morphological character and a 
visible macromutation, usually observed in M2 generation. Among the other 
visible leaf mutation, orientation of leaf can be another important 
morphological character selected for mutation studies because leaf orientation 
is the genotypic feature showing variations among genotype with respect to 
photosynthetic efficiency. This can be done in the M2 generation by taking the 
measurement of leaf angle of a standard leaf with respect to the main stem. 
Similarly, petiole length can be another morphological character selected for 
the mutation studies. Visible macromutant like synchronous maturity (all the 
pods mature at a time and has a significant difference from the normal control 
lines) may provide agronomically desirable lines. 
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Among the other morphological mutants common in the M2 
generation are tall, erectoid, unifoliate, dwarf, bushy, trailing, clustered pod 
sterility etc. The inheritance of these morphological mutants in the M3 
generations indicated that these are monogenic recessive in nature (Saini and 
Mahna, 1989). Tall mutant with high leaf areas and yields were selected in the 
M2 and M3 generations and supposed to have a substantial effect on the seed 
yield with greater leaf area (Chow et aL,l9^1). Some of the other qualitative 
traits included leaf mutants (dark green, waxy, multiple and lobed), pod 
mutants (large and top podding) and semi-dwarf plants (Srinives et a/., 1999). 
Visible morphological dwarf mutants can be generated by inducing polyploidy 
with chemical mutagens like colchicine. Trait dwarfism can be obtained in the 
M2 generation and generally exhibit a slower growth rate and reduced plant 
height from early seedling stage until maturity. Intemodes of a dwarf mutant 
can be winged and the main axis can be perpendicular to the soil. The 
orientation of early- formed branches may also be found very close and 
inclined to the main axis compared to the control. Dwarf mutants can be late in 
initiation and days to 50% flowering, however it can mature earlier compared 
to the control. The total number of branches, flowering nodes, pods per plant 
and seed yield per plant decreased significantly, but the number of seeds per 
pod, pod size, 100-seed weight and harvest index decreased marginally 
(Talukdare?a/.,2001). 
Jana (1963) obtained a tall mutant in urdbean variety T-9 with 40 kR 
X-rays treatments. Several vine type mutants with 2.5 times increase in plant 
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height were obtained from the M2 population of the urdbean variety T-9 treated 
with 0-30 kR gamma rays followed by 0.25% EMS treatment (Singh et 
a/., 1987). Bandyopadhyay and Bose (1980) obtained tall, bushy and dwarf 
mutants after seed treatment of urdbean variety T-9 with 0.1% EI. A dwarf 
mutant characterized by reduced length of intemodes, petiole and penduncles 
was induced by 40 kR gamma rays (Rao et al.,\915), and a very short plant 
with only two branches was obtained after 0.2% EMS + 10 kR X-rays 
treatment of the variety T-9 (Bandyopadhyay and Bose, 1983). An erect and 
determinate plant with synchronous flowering and upright pods was obtained 
following gamma rays treatment of the urdbean accession B10 by Shaikh and 
Majid (1982). An early maturing dwarf mutant was selected in the M3 
generation of urdbean cultivar DU 4 irradiated with 30 kR gamma rays 
(Sinha,1988). A compact plant mutant was isolated from the variety Mash 
Kullu No. 1 after 40 kR gamma rays treatment by Thakur and Sethi (1993). 
Fasciated mutants with flattened stem were obtained from M2 generation of T-9 
urdbean following 0.0012 M and 0.0015 M NaNs treatments (Mahna et 
al.,\9S9). Balyan and Khan (1994) reported tall, dwarf, gigas and creeping 
mutants in urdbean. Gautam and Mittal (1998) isolated a giant mutant with 
vigorous spreading growth habit, broad persistent leaves and very large pods 
following seed treatment of T-9 with 20kR gamma rays. They also obtained 
dwarf mutants characterized with short intemodes and smaller leaves from the 
treatments with gamma rays (30 kR and 40 kR) and combined treatment with 
40 kR gamma rays + 20 mM EMS. Mutants with horizontal branching were 
also obtained in this investigation following treatments with 50mM and 40kR 
gamma rays. 
2.4.2. Leaf characters 
Trifoliate leaf with three leaflets in each leaf is the usual condition in 
mungbean. Though mungbean is trifoliate in nature, increase in multi-foliate 
will certainly increase the biomass production (as well for spreading trailing 
mutant type), which could make a positive impact on seed yield, if the 
translocation activity in the genotypes were increased by genetic manipulation 
(Bhagat and Chakravarty,1989). Multifoliations is one of the visible 
macromutants found in mungbean. Though not all, but some leaf mutants 
appeared to be usefiil for breeding as it will increase the net photosynthetic area 
by increasing the concentration of sink to the developing seeds with an increase 
in transfer of assimilates to the grain responsible for a positive effect in seed 
yield (Khan, 1989; Quintero et a/., 1990; Saini and Mahna,1989). 
Change in the net photosynthetic rate, leaf area development has also 
been found to be correlated with chlorophyll a/b ratio of the leaves (Babu et al., 
1993). Previous research by Chabra and Singh (1988) have concluded that the 
number the leaflets in the pentafoliate mutant is controlled by a single recessive 
gene, designated as 7/'. Similarly, Satyanarayana et a/.(1989) identified a 
mutant in M2 generation of Vigna radiata cv. Pant mung-2 through 40 Gy 
gamma rays having each leaflet of its trifoliate leaf substituted by a trifoliate 
leaf, giving 9 or more leaflets per leaf. The mutation established as a true 
breeding line was found to be controlled by a single recessive gene designated 
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mfl. Treatment with physical mutagens supposed to increase the contents of 
flavonoids and anthocyanins along with high Phenylalanine Ammonia - Lyase 
(PAL) activity in mungbean leaves. Prior work in this respect by Pal et al. 
(1999) had concluded that though leaf soluble proteins get decreased, total free 
amino acids were found to be higher in physical mutagen exposed plants. 
Changes in the net photosynthetic rate, leaf area development has also been 
found to be correlated with chlorophyll a/b ratio of the leaves (Babu et al, 
1993). 
Singh and Singh (1995), isolated a small leaf mutant of mungbean cv. 
Pant Moong-3, having broad ovate trifoliate leaves. They also studied the 
inheritance of leaf type in the Fl, F2 generations of a cross between the 
mutants plants, (female) and long Pant Moong-3 plants. The Fi hybrids having 
normal leaves, suggesting large leaf size is dominant over the small leaf 
mutation. 
Isolation of leaf mutants in mungbean is also possible through 
combined treatment with gamma rays and EMS. Significant increase in dry 
matter production and increase in chlorophyll content take place in contrast to 
parents in the segregating (M2 and M3) generations. These leaf mutants can be 
hybridized in the succeeding generation through single plant selection to judge 
the inheritance of the multifoliation (Vasanthi,2003). Prior results of large 
seeded multifoliate Vigna radiata mutant PAEC-2 has resulted with 4 
recommended varieties successfully (Grafia et a/., 1987). 
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Rao and Jana (1975) obtained four leaf mutants viz., crinkled, waxy, 
narrow and unifoliate in variety T-9 following X-rays and EMS treatments. The 
narrow leaf and unifoliate mutants were partially or fully sterile. Pentaphyllous 
mutants which were stable in M3 generation were isolated from M2 generation 
of T-9 following combined treatment with 20 kR gamma rays and 0.25% of 
EMS (Singh and Raghuvanshi,1985). Thakare (1988) isolated coppery and 
scorched leaf mutants from urdbean variety No. 55 treated with 2-6 kR of fast 
neutrons or 15-45 kR of gamma rays. In addition, mutants like crinkled and 
scorched leaves from 30 kR gamma rays, crinkled leaves from 2-6 kR of fast 
neutrons, waxy leaves from 30-60 kR gamma rays and leathery leaves from 5 
kR fast neutrons treatments were obtained. Mutants affecting leaf shape, 
margin and lamina were also obtained by Thakare (1988) from the 3 kR fast 
neutrons and 15-30 kR gamma rays treated population. A pentafoliate leaf 
mutant was isolated from M2 population of urdbean variety T-9 treated 0.04% 
sodium azide (Khan et a/., 1989). A multifoliate mutant characterized with each 
leaflet substituted by a trifoliate leaf was obtained in urdbean cultivar 
"Netiminumu" after treatment with 50 kR gamma rays Satyanarayana et al. 
(1989). Thakur and Sethi (1993) obtained a mutant with minute leaves like 
those of Murraya exotica and a crinkled leaf mutant by seed treatment of 
variety Mash Kullu No. 1 with 5 mM of EMS. Several mutants affecting leaf 
characters were obtained by Gautam and Mittal (1998) in cultivar T-9, 
following treatments with gamma rays, EMS and their combinations. The 
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unifoliate mutant obtained with 30 kR gamma rays treatment was sterile with 
deformed floral buds. 
2.4.3. Floral characters 
An induced sterile mutant showing failure of chromosome pairing was 
reported by Kumar and Gupta (1978). Partial sterility was induced by chemical 
mutagens in urdbean (Bandyopadhyay and Bose,1980; Bharadwaj and 
Dubey,1977). Goswami (1980) obtained two semi-sterile and one sterile 
mutants from Mash 1-1 following irradiation with 30-40 kR X-rays. Male 
sterile mutants with underdeveloped anthers devoid of pollen grains or with 
sterile pollen grains were induced in cuhivar T-9 with 40 kR gamma rays and 
40 kR gamma rays + 20 mM EMS treatments by Gautam and Mittal (1998). 
2.4.4. Pod characters 
Synchronous maturity can also be considered as one of the visible 
macromutant and can be used for practical used in development of important 
variants. Synchronous maturity signifies the simultaneous ripening of pods in 
mungbean (Yadav and Singh, 1988). An induced synchronized mutant in 
mungbean is earlier in maturity (by at least a week), erect and gives a 
significant increase (at least 40 %) in the seed yield (Saikh et a/., 1988). Both 
additive and dominant gene effects are responsible controlling the synchrony in 
pod maturity though, the effect of additive component in predominant and 
decides the heritability (narrow and broad sense) of the trait than the 
dominance (Khattak et a/.,2001). Combined treatment with chemical mutagens 
can also be effective in obtaining synchronous mutants in mungbean. 
35 
Chaturvedi and Singh (1980b) obtained some synchronously maturing mutants 
in M2 generation from treated seeds of Pusa Baisakhi of mungbean with 
different concentrations of aqueous solutions of EMS and NMU where 
treatment with 0.1% EMS failed to produce such mutant. Tickoo (1987) also 
observed mutation for synchronous maturity by exposing mungbean cv. Pusa 
Baisakhi with gamma rays. Yadav and Singh (1988) obtained a synchronous 
mutant in M2 generation from 40 kR treatment gamma rays with seeds of 
mungbean variety PS-16. 
Shaikh et al. (1983) obtained an erect determinate mutant having 
upright pods following gamma rays irradiation. Thakare (1988) reported a short 
pod mutant and a white, densely hairy pod mutant from 15 kR gamma rays 
treatment and a pod mutant with dense long hair, from 2kR fast neutrons 
treatment of variety No.55. A short pod mutant induced by 25 kR of gamma 
rays in variety Mash Kullu No.l was also reported by Thakur and Sethi (1993). 
Short podded mutants were induced with 40kR gamma rays and 40 kR + 20 
mM EMS treatments in cultivar T-9 (Gautam and Mittal, 1998). 
2.4.5. Seed characters 
Induced variation for the seed coat colour and seed size was observed 
in some plants in M2 generation. The control plants of mungbean produce seeds 
of dull green colour but some plants of gamma ray treated can produce dark 
greenish with greenish black seeds. Dahiya (1973) has observed seed colour as 
a result of mutation in mungbean following gamma rays irradiation. Variation 
in pod size and shape can be observed in mungbean. Variation in pods of 
36 
different shapes and sizes showing constricted appearance or curvature with 
loops also among the frequently observed visible macromutant. This is one of 
the most visibly observed variations in M2 population. Similar variations in the 
mature pod colour have also raised the possibility that pod colour could be used 
as a genetic marker in breeding programmes (Biswas and Bhadra, 1997). 
Mature pod colour such as black, blackish straw or straw could also be used as 
a genetic marker in breeding programmes (Biswas and Bhadra, 1997). Small 
seeded mutant needs to be selected because of its resistance to mungbean 
yellow mosaic germini virus (MYMV) and also found to be partly dominant 
over large seededness and is controlled by 7 gene pairs (Malik et al., 1987). 
Rao and Jana (1974) reported yellow green and brown testa mutants of 
urdbean var. T-9 following combined treatment with X-rays and EMS. Thakare 
(1988) isolated a large number of seed colour mutants from variety No. 55 
following treatments with neutrons (2-6 kR) and gamma rays (15-75 kR). 
Brown, green, olive green and grey seed colour mutants were obtained from 2-
5 kR fast neutrons treatments, while white spotted brown seed mutant was 
obtained from 75 kR gamma rays treated population. Mutants with black 
spotted brown seeds and shrivelled glossy brownish black seeds were isolated 
from 15 kR gamma rays and 5 kR fast neutrons treatments, respectively. 
Treatment with 30 kR gamma rays produced a mutant with fuzzy seeds with 
pod cover attached to seed coat. Thakur and Sethi (1993) isolated green seeded 
and shiny seeded mutants from 5 mM EMS treatments and a fuzzy seeded 
mutant having flat seeds with white fuzz mostly on the sides from 25 kR 
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gamma rays treatment of seeds of variety Mash Kullu No. 1. Mutants with 
brown seed coat without any mosaic pattern were obtained in the variety T-9 
following 30 kR gamma rays and 20 kR gamma rays + 20mM EMS treatments 
(Gautam and Mittal,1998). 
Among the seed shape and size mutants of urdbean, a rectangular 
seed mutant and a large seed mutant with 35.3% increase in seed size were 
isolated following 30 kR gamma rays treatment (Thakare,1988). Small round 
seed mutant was obtained by Thakur and Sethi (1993) from 15 mM EMS 
treatment. A large seeded mutant with higher seed yield was isolated from M2 
progeny of 20 kR gamma ray treated cv.T-9 (Singh, 1996; Singh and 
Raghuvanshi, 1991). 
2.5. Mutation for quantitative traits 
The role of mutation breeding in increasing the genetic variability for 
quantitative traits in various crop plants have been proved beyond doubt 
(Khan, 1979; Chaturvedi and Singh, 1980a; Rao and Rao, 1983; Khan et al.. 
1994; Vyas and Chauhan, 1994; Khan and Siddiqui, 1995; Das and 
Chakraborty, 1998; Khan et al., 1998b, 1999; Kumar and Mishra,2004; Khan 
and Wani,2006a; Singh et a/.,2006; Wani and Khan, 2006). 
An increase in mean values for pods as well as yield per plant in M2 
and M3 generations was observed in the variety T-9 (Kundu and Singh, 1982). 
Pods per plant exhibited high variability in M3 and M4 generations of urdbean 
varieties Vamban 1 and ADT 3 treated with 20-90 kR gamma rays (Hepziba 
and Subramanian, 1994). The highest level of variability was observed in pod 
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length after gamma irradiation and in number of pods per plant after EMS 
treatment in the urdbean cultivars ADT-3 and Vamban l(Vanniarajan et 
(3/.,1996). Mean values of three characters viz., plant height, pods per plant and 
yield per plant were negatively affected by gamma rays treatment of TAU 1 
(Manapuree/fl/.,1998). 
Shaikh et al. (1983) obtained eight high yielding mutants from 
accessions B 10 and B 23 following gamma rays irradiation. A dwarf mutant 
gave the highest yield with moderate resistance to yellow mosaic virus and 
Cercospora canescens. Thakare (1988) isolated urdbean mutants with desirable 
traits like early flowering compact, short stature, increased pod number and 
high yield. Sinha (1988) obtained dwarf mutant with early maturity (62 days vs 
75 days) from M3 generation of variety DU 4 following 30 kR gamma rays 
irradiation. Several high yielding mutants having early maturity, upright 
growth habit and high yield were obtained by Malik et al. (1988). Some of the 
mutants matured 2-3 weeks earlier and yielded 40-50% more than parent types. 
Sinha and Bharati (1990) obtained several mutants with increased number of 
pods per plant following 15-30 kR gamma irradiation of T-9 variety. Shaikh 
(1988) isolated urdbean mutant through irradiation with 15% higher yield and 
tolerance to CLS and YMV diseases. A large seed mutant with increased 
number of leaves and pods was isolated from M2 generation of urdbean after 
gamma rays and EMS treatments (singh and Raghuvanshi, 1991).The seeds of 
the mutant were larger and heavier with double the test weight of the control. 
Charumathi et al.{\992) isolated desirable micromutational progenies with 
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early maturity, increased number of branches, pods and seeds and large seed 
size from M3 generation of variety LBG 17 following treatments with 10-40 kR 
gamma rays, 0.4% EMS and 0.015% n-methyl-n-nitroso-urea singly and in 
combination. Pawar and Manjaya (1996) developed an early maturing mutant 
TAU 5 of urdbean following 60 kR gamma rays treatment of the exotic line EC 
168200. The mutant TAU 5 has been identified as a resistant donor for yellow 
mosaic virus disease. 
2.5.1. Mutants in cross breeding and development of varieties 
The large seed mutants, UM 196 and UM 201 were used in cross 
breeding with the elite cultivar T-9 for developing high yielding varieties TAU 
1, TAU 2 and TPU 4 (Pawar and Manjaya, 1996; Pawar et a/., 1988). So far, 
seven varieties have been developed through induced mutation and released for 
cultivation in India. Four of these varieties are the derivatives of mutants used 
in cross breeding. 
Mutation breeding has made significant contribution in increasing the 
production of urdbean in India. Four of the six mutant varieties of urdbean 
released in India have been developed at the Nuclear Agriculture & 
Biotechnology Division of the Bhabha Atomic Research Centre (BARC), 
Mumbai. The variety TAU 1, developed at BARC in collaboration with Dr. 
Punjabrao Deshmukh Krishi Vidyapeeth, Akola has become the most popular 
variety in Maharashtra occupying an area of about 5 lakh hac (over 95% of the 
total area under urdbean cultivation in Maharashtra). 
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Urdbean varieties developed through induced mutation 
Variety 
Co 4 
TAUl 
Manikya 
TPU4 
TAU2 
BINAMASHl 
TU 94-2 
Year of release 
1978 
1985 
1988 
1922 
1993 
1994 
1997 
Institution 
TNAU,Coimbatore 
BARC, Mumbai & 
PKV, Akola 
GBPUA&t, 
Pantnagar 
BARC, Mumbai & 
MPKv, Rahuri 
BARC, Mumbai & 
PKV, Akola 
BINA, 
Mymensingh, 
Bangladesh 
BARC, Mumbai 
Mutagenic 
treatment& 
parent 
0.02%MMS,Co-l 
y-rays, T-9 x dark 
green leaf mutant 
U-196 of variety 
No. 55. 
40 kRy-rays, T-9 
y-rays,UM-201 
(large seed mutant 
of variety 
No.55)xT-9. 
y-rays, T-9 x dark 
green leaf mutant 
U-196 of variety 
No. 55. 
50 kR y-rays, 
BINA Accession 
No. B-10 
y-rays,TPU-3 x 
TAU-5 (early 
mutant of 
EC 168200). 
2.6. Biotechnological studies in urdbean 
Several studies on the regeneration, transformation and molecular 
markers carried out in urdbean during last two decades are described below. 
Cotyledonary nodes, excised cotyledons, and hypocotyl segments of 
six varieties of Vigna mungo were tested for their morphogenic potential on 
media containing a range of hormonal combinations including benzyladenine, 
kinetin, thidiazuron (TDZ), and zeatin (Sen and Guha,1998). Muhiple shoots 
developed on cotyledonary node explants in all varieties tested on basal 
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medium containing cytokinin. Presence of both the cotyledonds, either full or 
half, resulted in production of maximum number of shoots. Shoot bud 
regeneration was achieved via meristem formation on excised cotyledons on 
Murashige-Skoog basal medium with B5 vitamins supplemented with TDZ 
(Sen and Guha,1998). Ignacimuthu and Franklin (1999) reported organogenesis 
from cotyledon and epicotyl explants of V. mungo. Agnihotri et al. (2001) 
reported that the excised shoot tips gave the best response with regard to off 
shoot formation followed by the embryonal axis explants in Vigna mungo. 
Eighteen-day-old immature cotyledonary node explants (18 days after anthesis) 
of urdbean produce multiple shoots in MS salts+B5 vitamins containing 
medium in the presence of BA (1.0 mg/L), TDZ (O.lmg/L) and AdS (15mg/L) 
(Muruganantham et al.,2005). Maximum shoot proliferation (28 shoot/explant) 
occurred at the end of second subculture after 45 d. Periodic excision of 
regenerated shoots from explants increased shoot regeneration efficiency 
during subculture. The combination of TDZ and AdS with BA significantly 
increased shoot proliferation. Elongation and rooting were observed in GA3 
(0.6mg/L) and IB A (l.Omg/L) containing media, respectively. The in vitro 
raised plantlets acclimatized in green house exhibited 60% survival on 
transplantation to field. 
Plant regeneration via somatic embryogenesis in urdbean has proved 
to be difficult. Somatic embryogenesis and plantlet development in urdbean 
was first reported from immature cotyledon explants by Eapen and George 
(1990). They reported the ontogeny of somatic embryos of Vigna mungo 
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indicating that cells destined to develop somatic embryos divided to form 
filamentous proembryos, which in turn developed into the proper embryo either 
at single or multiple sites resuhing in several embryos. Subsequently, somatic 
embryogenesis and plantlet regeneration from hypocotyl explants of urdbean 
were also reported. Das et al. (2002) reported efficient regeneration method in 
Vigna mungo using liquid culture. Saini et al. (2004) developed an improved 
protocol for the regeneration of plantlets from somatic embryos from 
hypocotyls derived cell suspension cultures of Vigna mungo. 
Improvement of urdbean through biotechnological approaches has a 
long way to go. Eventual success in developing transgenic plants will depend 
on the conversion of embryos to plants. Thus, developing protocols to enhance 
regeneration still remains an important goal in the grain legume crops. 
Developing a dense linkage map in this crop will aid in marker assisted 
selection and identification of QTLs. Urdbean with its smallest genome (574 
million bp) among all grain and vegetable legumes and short life cycle (60-70 
days) will prove to be highly desirable for map based cloning. Identifying 
racial variation in MYMV will help develop varieties with broad spectrum 
resistance in urdbean. Cloning of the bruchid resistance genes from 'Trombay 
wild' {V. mungo var. sihestris) could potentially be important to develop 
bruchid resistant varieties in other grain legumes. The development of suitable 
regeneration and transformation protocols along with dense linkage maps will 
help strengthen the urdbean improvement programme. 
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Chapter-3 
MATERIALS AND METHODS 
3.1. Materials 
3.1.1. Varieties used 
Two varieties of urdbean (Vigna mungo (L.) Hepper) namely T-9 and 
Pant U-30 were used in the present study. Seeds of both the varieties were 
procured from G.B.Pant University of Agriculture and Technology, Pantnagar 
(Uttaranchal). Both the varieties are popular for cultivation in this region. A 
brief description of both the varieties is given below: 
3.1.1.1. Variety T-9 
It was developed after the selection from Bareilly local was the first 
genotype recognized as a variety in 1948. Plants are dwarf, erect, maturing in 
70-75 days in kharif Its seeds are black, medium size with the test weight of 
7.00 g per 100 seeds. Average yield is 10-12 q/ha. 
3.1.1.2. Variety Pant U-30 
It is a cross of UPU 1 xUPU 2 and developed through hybridization at 
Pantnagar. It was notified in 1982, plants are erect, maturing in 70-80 days, 
pods hairy, seeds black, medium size and resistant to yellow mosaic virus 
disease. Average yield is 10-12 q/ha. 
3.1.2. Mutagens used 
Ethylmethane sulphonate (EMS) and Sodium azide (SA) alone as well 
as in combination were used in the present study. 
3.1.2.1. Ethylmethane sulphonate (EMS) - CH3OSO2C2H5 
EMS, a monoflinctional alkylating agent, is manufactured by Sisco 
Research Laboratories Pvt. Ltd., Mumbai. 
3.1.2.2. Sodium azide (SA) - NaNs 
SA, a respiratory inhibitor, is manufactured by Indian Drugs and 
Pharmaceuticals Ltd. (A Government of India undertaking), Hyderabad, India. 
3.2. Experimental procedures 
3.2.1. Preparation of mutagenic solutions 
The solutions of chemical mutagens, EMS and SA were prepared in 
phosphate buffer of pH 7 and pH 3, respectively. Only freshly prepared 
solutions were used for all the treatments. 
3.2.2. Pretreatment 
Healthy seeds of uniform size of each variety were used in the present 
experiments. The seeds were soaked in distilled water for 9 hours prior to the 
treatment with mutagens. 
3.2.3. Mutagens administration 
Concentrations used: The following concentrations of chemical mutagens 
used for the treatment of presoaked seeds. 
EMS: 0.1%, 0.2%, 0.3%, 0.4% 
SA: 0.01%, 0.02%, 0.03%, 0.04% 
EMS+SA: 0.1%+0.01%, 0.2%+0.02%, 0.3+0.03%, 0.4%+0.04% 
Treatment time: The treatments were given at temperature at 25±1°C for 6 
hours. 
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Sample size: 351 seeds were used for each mutagenic treatment and control. 
Control: For each variety 351 pre-soaked seeds were again soaked in 
phosphate buffer for 6 hours to serve as controls. 
Flasks containing seeds in the mutagenic solution were intermittently 
shaken to ensure sufficient aeration. After treatment, the seeds were thoroughly 
washed in running tap water to remove the excess of mutagen. 
3.2.4. Preparation of field 
The field was thoroughly ploughed to ensure the maximum aeration of 
soil before the sowing of seeds. Standard agricultural practices required for the 
cultivation of urdbean were employed. Finally, microplots were prepared and 
irrigated lightly to maintain proper moisture content in the sub-surface of soil. 
3.3. Ml generation 
The experiments were conducted at the Institute of Agriculture, 
Aligarh Muslim University, Aligarh. Three hundred seeds were sown in the 
field with three replications in a complete randomized block design (CRBD), 
with each replicate containing 100 seeds. The remaining lot of 51 seeds from 
each treatment and control was germinated in petriplates containing moist 
cotton, placed in B.O.D. incubator which was maintained at 25±1°C 
temperature in order to determine the effect of mutagens on seed germination 
and seedling height (including root and shoot length). The following studies 
were carried out in Mi generation. 
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3.3.1. Seed germination 
After recording germination counts, the percentage of seed 
germination was calculated on the basis of total number of seeds sown in 
petriplates. Seeds which gave rise to both radical and plumule were considered 
as germinated. 
^ • .• i^n/s No.of seeds germinated ,^^ 
Germmation (%) = x 100 
Total no. of seeds sown 
3.3.2. Seedling height 
Seedling height was estimtated after 10 days by measuring the root 
and shoot lengths of fifteen randomly selected seedlings for each treatment. 
Seedling injury, as measured by the reduction in the root and shoot length, was 
calculated in terms of percentage of root and shoot injury. 
3.3.3. Plant survival 
The surviving plants in different treatments were counted at the time 
of maturity and the survival was computed as percentage of the germinated 
seeds in the field. 
3.3.4. Pollen fertility 
Pollen fertility was estimated from fresh pollen samples. From mature 
anthers, some amount of pollen was dusted on a slide containing a drop of 1 % 
acetocarmine solution. Pollen grains, which took stain and had a regular outline 
were considered as fertile, while empty and unstained ones as sterile. 
The following formula was used to calculate the percentage inhibition 
or injury or reduction: 
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Percentage inhibition 
Or 
r, , • • Control - Treatment ,^„ Percentage injury = x lOO 
Control 
Or 
Percentage reduction 
3.3.5. Morphological abnormalities 
The frequency of cotyledonary abnormaUties and the abnormalities in 
size and shape of leaves recorded with different mutagenic treatments was 
calculated by the following formula: 
Cotyledonary/leaf abnormalities (%) 
_ Number of seedlings showing cot./leaf abnormalit ies . „„ 
Total no. of M, seedlings 
3.3.6. Cytological studies 
For meiotic analysis, young flower buds from each treatment and their 
respective controls in both the varieties were fixed in Carnoy's fluid (1 part 
glacial acetic acid: 3 parts chloroform: 6 parts of ethyl alcohol) for 30 minutes. 
The material was then transferred to propionic alcohol saturated with ferric 
acetate for 24 hours. The flower buds were washed with and preserved in 70% 
alcohol. Anthers were smeared in 1% acetocarmine solution and pollen mother 
cells were examined for their behaviour at various stages of microsporogenesis. 
Photographs were taken from temporary preparations. 
3.3.7. Quantitative traits 
Observations were made on 30-35 normal looking plants in each 
treatment along with the control. The following nine quantitative traits were 
thoroughly studied in Mi generation. 
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1) Plant height: Plant height was measured at maturity in centimeters 
from the base upto the apex of the plant. 
2) Days to flowering: Number of days taken by the plant from the date of 
sowing up to the date of opening of first flower bud. 
3) Days to maturity: Number of days taken by the plant from the date of 
sowing up to the date of harvesting of the plant. 
4) Number of clusters: Number of clusters was counted at maturity as the 
number of clusters borne per plant. 
5) Number of pods: Number of pods was counted at maturity as the 
number of pods borne on the whole plant. 
6) Pod length: The pods were measured in centimeters and the mean for 
each selected plant was calculated for pod length. 
7) Seeds per pod: The best pods were threshed and the number of seeds 
per pod was counted. The mean was calculated for each plant. 
8) 100 seed weight (g): It was taken as a weight of a random sample of 
100 seeds from each plant. 
9) Total plant yield (g): Plant yield was the weight of total number of 
seeds harvested per plant and the yield of each plant was recorded in 
grams. 
3.4. Statistical analysis 
3.4.1. Assessment of variability 
An insight into the magnitude of variability present in a crop 
species is of utmost importance, as it provides the basis of effective 
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selection. The variability present in breeding population of two varieties of 
urdbean was assessed by using simple measures of variability. 
Simple measures of variability 
Data collected for nine quantitative traits in Mi generation were 
subjected to statistical analysis to find out range, mean, standard error, standard 
deviation and coefficient of variability. 
3.4.1.1. Range 
It is the difference between the lowest and the highest values present 
in the observations included in a sample. 
3.4.1.2. Mean (X) 
The mean is computed by taking the sum of the number of values (Xi, 
X2 Xn) and dividing by the total number of values involved, thus 
X = 
(X. + X, + X3 X J 
N 
Or 
SX„ 
N 
Where, Xi, X2, X3 Xn = Observations 
N = Total number of observations involved. 
3.4.1.3. Standard error (S.E.) 
It is measure of the uncontrolled variation present in a sample. It is 
estimated by dividing the standard deviation by the square root of the number 
of obserevations in the sample and is denoted by S.E., thus 
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Q TT = S.D. of the sample 
o.Il!/. P= 
VN 
Where, S.D. = Standard deviation 
N = Number of observations 
3.4.1.4. Standard deviation (S.D.) 
The standard deviation is calculated by the following formula for each 
parameter of study. 
SJ3^ (X-X,)^+(X-X,)^ (X-XJ^ 
• • V N 
Where, X = Mean of observations involved 
X], X2 Xn= Observations 
N= Total number of observations 
3.4.1.5. Coefficient of variability (CV) 
It measures the relative magnitude of variation present in observations 
as the ratio of standard deviation to the arithmetic mean expressed as 
percentage and is a unit less number. The following formula is applied to 
compute coefficient of variability (CV). 
CV. (%) = Standarddeviation ^ ^^^ 
S.D 
X 
X 
Or 
xlOO 
Where, S.D. = Standard deviation of sample 
X = Arithmetic mean 

Chapter-4 
EXPERIMENTAL RESULTS 
The M) generation arises directly from the chemically treated seeds. 
Hence, maximum mutagenic damage can be anticepated in M, in terms of 
morphophysiological changes and disturbed meiosis leading to pollen sterility. 
Thus, two types of experimental studies were conducted with treated seeds: (i) 
B.O.D. petriplate experiments to evaluate germination count and seedling 
height in mutagenized population vis-a-vis untreated (control) population, and 
(ii) field experiments to estimate plant survival at maturity, pollen fertility and 
to collect Ml seeds for raising M2 population. 
4.1. Biological damage 
The effects of chemical mutagenic treatments were studied on seed 
germination, seedling height, plant survival at maturity and pollen fertility in 
M] generation. 
4.1.1. Seed germination 
Data recorded on percentage on seed germination are presented in 
Tables 6-9; Fig.5. A graduate decrease was observed in seed germination with 
increasing concentrations of mutagens in both the varieties viz., T-9 and Pant 
U-30 of urdbean. Both the varieties differed in the extent of reduction in seed 
germination. Seed germination was affected more adversely in the var. Pant U-
30 than in the var. T-9. Germination was recorded to be 88.23 percent in the 
control population of both the varieties. Combined treatments (EMS+S A) were 
found to cause maximum reduction in seed germination followed by SA and 
EMS treatments. In the var. Pant U-30, the percentage inhibition was 46.67 and 
73.34 with 0.1% EMS + 0.01 % SA and 0.4% EMS + 0.04% SA, respectively. 
Germination started the third day after sowing in control in both the 
varieties. However, it was delayed by more than five days in the lots treated 
with higher concentrations the mutagens used alone or in combination. 
4.1.2. Pollen fertility 
The study of pollen fertility in mutagen treated population forms a 
reliable index in assessing any internal change in the plant as well as in 
determining the efficiency of a mutagen. The pollen fertility was dose 
dependent as evident from a proportionate decrease with increasing 
concentrations of EMS, SA and EMS + SA in both the varieties (Table 6; Fig. 
6). Pollen sterility induced by combination treatments was higher in both the 
varieties. Based on the pollen fertility, EMS + SA treatments were found to be 
more effective followed by EMS and SA. 
4.1.3. Plant survival 
Data on plant survival in Mi generation recorded at maturity are 
presented in Table 6; Fig. 7. Percentage of plant survival decreased in all the 
mutagenic treatments in both the varieties. In general, plant survival was dose 
dependent except in EMS treatments. The highest plant survival was observed 
in the control population of the two varieties. 
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Table 6: Effect of mutagens on seed germination, plant survival and pollen fertility 
in two varieties of urdbean. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Seed germination 
Actual 
(%) 
88.23 
88.23 
88.23 
76.47 
76.47 
82.35 
70.58 
76.47 
52.94 
88.23 
76.47 
70.58 
41.17 
88.23 
82.35 
70.58 
58.82 
41.17 
52.94 
41.17 
41.17 
11.76 
47.05 
35.29 
29.41 
23.52 
%age 
inhibition 
~ 
00.00 
00.00 
-13.34 
-13.34 
-6.67 
-20.00 
-13.34 
-40.00 
00.00 
-13.34 
-20.00 
-53.34 
~ 
-6.67 
-20.00 
-33.34 
-53.34 
-40.00 
-53.34 
-53.34 
-86.67 
-46.67 
-60.00 
-66.67 
-73.34 
Plant 
survival at 
maturity 
(%) 
Varietv T-9 
92.65 
85.21 
87.58 
72.39 
75.20 
65.32 
70.00 
68.30 
58.92 
82.39 
80.32 
70.98 
65.38 
Varietv-
Pant U-30 
90.32 
80.45 
82.38 
87.28 
72.34 
80.34 
75.21 
62.38 
52.39 
25.38 
18.12 
15.20 
9.80 
Pollen fertility \ 
Actual 
(%) 
98.71 
96.69 
95.04 
92.44 
90.78 
93.30 
96.44 
97.03 
91.34 
94.46 
93.18 
90.22 
88.54 
97.39 
95.00 
91.11 
90.24 
82.80 
96.05 
92.17 
91.15 
88.44 
93.18 
90.41 
88.37 
, ,^.43:;- ' . 
%age \ 
inhibition j 
1 
-
- 2.04 
-3.71 
-6.35 
- 8.03 1 
-5.48 
-2.29 
-1.70 
- 7.46 
-4.30 
-5.60 
-8.60 
-10.25 
-2.45 
-6.28 
-7.34 
-14.98 
-1.37 
-5.35 
-6.40 
-9.18 
-4.32 
-7.16 
-9.2"'6 
r, v.-17.41 
Table 7: Seed germination in two varieties of urdbean treated with EMS. 
Variety 
T-9 
Pant U-30 
TO^ 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
Total 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
Total 
PAL 
Seed germination 
R-I 
15 
15 
15 
13 
13 
71 
15 
14 
12 
10 
7 
58 
129 
R-II 
15 
16 
13 
14 
11 
69 
15 
13 
10 
12 
9 
59 
128 
R-III 
15 
14 
17 
12 
15 
73 
15 
15 
14 
8 
5 
57 
130 
Total 
45 
45 
45 
39 
39 
213 
45 
42 
36 
30 
21 
174 
387 
Mean 
15 
15 
15 
13 
13 
15 
14 
12 
10 
7 
-
V = 2 varieties; t = 5 treatments; r = 3 replications. 
Table 8: Seed germination in two varieties of urdbean treated with SA. 
Variety 
T-9 
Pant U-30 
TO^ 
Treatment 
Control 
0.01 %SA 
0.02 % SA 
0.03 % SA 
0.04 % SA 
Total 
Control 
0.01 %SA 
0.02 % SA 
0.03% SA 
0.04 % SA 
Total 
rAL 
Seed germination 
R-I 
15 
14 
12 
13 
9 
63 
15 
9 
7 
7 
2 
40 
103 
R-II 
15 
12 
15 
11 
11 
64 
15 
10 
6 
8 
3 
42 
106 
R-III 
15 
16 
9 
15 
7 
62 
15 
8 
8 
6 
1 
38 
100 
Total 
45 
42 
36 
39 
27 
189 
45 
27 
21 
21 
6 
120 
309 
Mean 
15 
14 
12 
13 
9 
15 
9 
7 
7 
2 
-
V = 2 varieties; t = 5 treatments; r = 3 replications. 
Table 9: Seed germination in two varieties of urdbean treated with EMS+SA. 
Variety 
T-9 
Pant U-30 
T 
Treatment 
Control 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Total 
Control 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Total 
OTAL 
Seed germination 
R-I 
15 
15 
13 
12 
7 
62 
15 
8 
6 
5 
4 
38 
100 
R-II 
15 
14 
15 
13 
8 
65 
15 
6 
5 
4 
5 
35 
100 
R-III 
15 
16 
11 
11 
6 
59 
15 
10 
7 
6 
3 
41 
100 
Total 
45 
45 
39 
36 
21 
186 
45 
24 
18 
15 
12 
114 
300 
Mean 
15 
15 
13 
12 
7 
15 
8 
6 
5 
4 
--
V = 2 varieties; t = 5 treatments; r = 3 replications. 
Table 10: ANOVA for seed germination (for EMS treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f. 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
234.70 
0.20 
50.70 
106.20 
31.80 
45.80 
M.S. 
-
-
50.70 
26.55 
7.95 
2.54 
F 
-
-
19.90** 
10.40** 
3.12* 
-
Tabu 
Fo.05 
-
-
4.41 
2.93 
2.93 
-
ar F 
Fo.oi 
-
8.28 
4.58 
4.58 
-
Table 11: ANOVA for seed germination (for SA treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
536.30 
1.80 
158.70 
277.80 
49.80 
48.20 
M.S. 
-
-
158.70 
69.45 
12.45 
2.67 
F 
-
-
59.43** 
26.01** 
4.66* 
-
Tabular F 
Fo.05 
-
-
4.41 
2.93 
2.93 
-
Fo.oi 
-
8.28 
4.58 
4.58 
" 
Table 12: ANOVA for seed germination (for EMS + SA treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
562 
0.00 
172.80 
283.30 
77.90 
28 
M.S. 
-
-
172.80 
70.80 
19.40 
1.50 
F 
-
-
115.20** 
47.20** 
12.90** 
-
Tabular F 
Fo.05 
-
-
4.41 
2.93 
2.93 
-
Fo.oi 
' 
8.28 
4.58 
4.58 
-
* * * Significant at p< 0.05 and p< 0.01 respectively. 
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4.1.4. Seedling height (cm) 
Data recorded for seedling height of 10 days old seedlings, raised in 
petriplates in B.O.D. incubator, are given in Tables 13-17; fig.8. Results 
showed that all the mutagenic treatments brought about reduction in seedling 
height which was also dose dependent. In the var. Pant U-30, the total seedling 
heights (shoot + root length) was 17.25 cm in the control. Seedling injury 
ranged from 28.00 to 72.92 percent in EMS treatments, 73.68 to 89.79 percent 
in SA and 80.05 to 93.39 percent in EMS + SA treatments (Table 14). 
In the var. T-9, the seedling height was 16.91 cm in the control. The 
seedling injury ranged from 13.42 to 69.48 percent in the treatments of EMS 
and 4.90 to 85.27 percent in SA treatments. The injury was more drastic in 
combination (EMS+SA) treatments, ranging from 34.77 to 88.11 percent 
(Table 13). 
Seedling injury was affected drastically in combination treatments 
followed by SA and EMS treatments. The higher concentrations of mutagens 
used singly or in combination showed a more severe effects on seedling height 
in both the varieties. Variety Pant U-30 was more sensitive with respect to 
seedling height. 
4.2. ANOVA of seed germination and seedling height 
Both the varieties differed significantly (p<0.05,0.01) between 
themselves for both seed germination (Tables 10-12) and seedling height 
(Tables 18-20). Similarly, variances among treatments (4 concentrations of 
various mutagens +1 control) were also significantly high. Variety x Treatment 
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Table 15: Seedling height (em) in two varieties of urdbean treated with EMS. 
Variety 
T-9 
Pant U-30 
TO' 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
Total 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
Total 
FAL 
Seedling height (cm) 
(Each value represents 
mean of five seedlings) 
R-I 
24.02 
16.56 
21.00 
20.64 
11.64 
93.68 
23.36 
21.56 
17.94 
6.84 
12.54 
82.24 
175.92 
R-II 
13.90 
11.14 
20.28 
16.24 
3.06 
64.62 
13.18 
8.52 
9.16 
13.20 
1.48 
45.54 
110.16 
R-III 
12.82 
7.66 
13.12 
7.00 
0.96 
41.56 
15.22 
7.20 
3.30 
0.00 
0.00 
25.72 
67.28 
Total 
50.74 
35.36 
54.40 
43.88 
15.48 
199.86 
51.76 
37.28 
30.40 
20.04 
14.02 
153.50 
353.36 
Mean 
16.91 
11.78 
18.13 
14.64 
5.16 
17.25 
12.42 
10.13 
6.68 
4.67 
--
V = 2 varieties; t = 5 treatments; r = 3 replications. 
Table 16: Seedling height (em) in two varieties of urdbean treated with SA. 
Variety 
T-9 
Pant U-30 
TO^ 
Treatment 
Control 
0.01 %SA 
0.02 % SA 
0.03 % SA 
0.04 % SA 
Total 
Control 
0.01 %SA 
0.02 % SA 
0.03 % SA 
0.04 % SA 
Total 
FAL 
Seedling height (cm) 
(Each value represents 
mean of five seedlings) 
R-I 
24.02 
18.64 
16.74 
13.44 
4.60 
77.44 
23.36 
8.96 
4.28 
3.94 
5.30 
45.84 
123.28 
R-II 
13.90 
15.80 
21.98 
14.88 
2.88 
69.44 
13.18 
4.68 
1.52 
2.26 
0.00 
21.64 
91.08 
R-III 
12.82 
6.88 
9.52 
3.60 
0.00 
32.82 
15.22 
0.00 
0.00 
0.00 
0.00 
15.22 
48.04 
Total 
50.74 
41.32 
48.24 
31.94 
7.48 
179.70 
51.76 
13.64 
5.80 
6.20 
5.30 
82.70 
262.40 
Mean 
16.91 
13.77 
16.08 
10.64 
2.49 
17.25 
4.54 
1.93 
2.06 
1.76 
--
V= 2 varieties; t = 5 treatments; r = 3 replications. 
Table 17: Seedling height (cm) in two varieties of urdbean treated with 
EMS+SA. 
Variety 
T-9 
Pant U-30 
T 
Treatment 
Control 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Total 
Control 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
Total 
OTAL 
Seedling height (cm) 
(Each value represents 
mean of five seedlings) 
R-I 
24.02 
7.48 
12.42 
11.86 
5.32 
61.10 
23.36 
7.22 
5.24 
7.32 
3.44 
46.58 
107.68 
R-II 
13.90 
2.60 
15.78 
2.56 
0.72 
35.56 
13.18 
3.10 
1.40 
0.00 
0.00 
17.68 
53.24 
R-III 
12.82 
2.42 
4.90 
0.58 
0.00 
20.72 
15.22 
0.00 
0.00 
0.00 
0.00 
15.22 
35.94 
Total 
50.74 
12.50 
33.10 
15.00 
6.04 
117.38 
51.76 
10.32 
6.64 
7.32 
3.44 
79.48 
196.86 
Mean 
16.91 
4.16 
11.03 
5.00 
2.01 
17.25 
3.44 
2.21 
2.44 
1.14 
-
V= 2 varieties; t = 5 treatments; r = 3 replications. 
Table 18: ANOVA for seedling height (for EMS treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f. 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
1471.53 
598.86 
71.65 
492.87 
120.21 
187.94 
M.S. 
-
-
71.65 
123.21 
30.05 
10.44 
F 
-
-
6.68* 
11.80** 
2.87 
-
Tabu 
Fo.05 
-
-
4.41 
2.93 
2.93 
. 
ar F 
Fo.oi 
-
8.28 
4.58 
4.58 
-
Table 19: ANOVA for seedling height (for SA treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
1704.77 
285.01 
313.63 
1254.58 
225.46 
165.18 
M.S. 
-
-
313.63 
313.64 
56.36 
9.17 
F 
-
-
34.20** 
34.20** 
6.14** 
Tabular F 
Fo.05 
-
-
4.41 
2.93 
2.93 
-
Fo.oi 
-
-
8.28 
4.58 
4.58 
-
Table 20: ANOVA for seedling height (for EMS+SA treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f 
30-1=29 
3-1=2 
2-1=1 
5-1=4 
1x4=4 
18 
S.S. 
1404.82 
352.32 
47.88 
907.28 
80.72 
16.64 
M.S. 
-
-
47.88 
226.82 
20.18 
0.92 
F 
-
-
52.04** 
246.54** 
21.93** 
-
Tabular F 
Fo.05 
-
-
4.41 
2.93 
2.93 
. 
Fo.oi 
-
-
8.28 i 
4.58 1 
4.58 ' 
-
* * * Significant at p< 0.05 and p< 0.01 respectively. 
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Fig: 8 Effect of mutagens on mean seedling height (cm) in two varieties 
of urdbean 
(A X B) interaction was also found significant for seed germination and 
seedling height, except seedhng height for EMS treatments where interaction 
was nonsignificant. 
4.3. Morphological variations 
Screening of phenotypically detectable variations in the mutagenized 
population in Mi generation revealed a wide range of morphological variations 
(Table 21; Plates I-V). Their frequency of occurrence differed among the 
mutagens and also between the two varieties (Tables 21-22). The maximum 
frequency was recorded in combination (EMS + SA) treatments followed by 
EMS and SA. Variety Pant U-30 showed maximum frequency than the var.T-
9. 
4.3.1. Cotyledonary leaves 
The development of abnormal cotyledonary leaves was the most 
common phenomenon encountered in mutagenized population of urdbean. 
Variations in number of cotyledonary leaves were recorded with different 
mutagenic treatments in both the varieties (Plate I). The characteristic 
anomolies in cotyledonary leaves recorded in the present study are summarized 
below: 
Type-I: A single cotyledonary leaf instead of a pair as a normal case. 
Type-II: An extra cotyledonary leaf 
Type-Ill: An extra pair of cotyledonary leaves. 
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Table 21: Frequency and Spectrum of morphological variants induced by 
mutagens in urdbean {Vigna mungo L.) varieties T-9 and Pant 
U-30. 
Variants 
Cotyledonary leaves 
Leaf morphology 
Narrow 
Broad 
Unifoliate 
Bifoliate 
Trifoliate 
Dwarf 
Tall 
Bushy 
Prostrate 
Vegetative 
Total no. of morphological 
variants 
Total no. of Mi plants 
Frequency (%) 
Number observed in 
T-9 
16 
4 
21 
7 
14 
16 
8 
20 
10 
18 
-
134 
2170 
6.17 
Pant U-30 
8 
6 
12 
10 
15 
14 
12 
16 
9 
7 
7 
116 
1569 
7.39 
Table 22: Frequency of morphological variants in various mutagens in Mj 
Mutagens 
EMS 
SA 
EMS + SA 
Number of Ml 
plants studied 
1679 
1203 
857 
Number of variants 
103 
63 
84 
scored 
Frequency 
(%) 
6,13 
5.23 
9.80 
4.3.2. Leaf morphology 
Frequency of mutagen induced leaf abnormalities in the form of 
variation in shape, size and number (uni-, bi and tetrafoliate) is given in Table 
21; Plates II-V. Although such variations were observed in both the varieties 
but their frequency was found to be more in the var. Pant U-30 than T-9. A 
brief account of each type is given below: 
Broad leaflets: Plants possessing broad, thick and dark green leaflets were 
encountered in EMS and EMS + SA treated population of both the varieties. 
The plants were vigorous and fertile. 
Round leaflets: The leaflets were round with short lamina instead of pointed 
as in the control population. 
Narrow long leaflets: Plants possessing narrow long leaflets were encountered 
more frequently at the higher concentrations of mutagens. 
Fused leaflets: The leaflets were fused at the base and only the tips were free. 
Unifoliate: Unlike the normal trifoliate condition, some leaves were unifoliate. 
Such leaves were smaller in size. 
Bifoliate: Bifoliate leaves were observed at the lower concentrations of the 
combination (EMS + SA) treatments in both the varieties . 
Trifoliate: The leaflets were thin, dark green in colour and the plants 
possessing these leaves were vigorous and have more number of flowers and 
pods. 
Dwarf variants: These plants possessed short intemodes. Mean height of such 
plants were reduced to 5.20 cm as compared to 27.50 cm in the control. 
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Number of pods was significantly reduced in such plants. These plants were 
isolated at the higher concentrations in both the varieties. 
Tall variants: Tall plants obtained with lower concentrations of the mutagens. 
Average height of these plants was 26.86 cm. Number of branches and pods in 
tall plants did not differ significantly from the control plants. 
Bushy variants: These plants had reduced plant height and secondary 
branches. Numbers of pods per cluster and pods size were recorder larger than 
the control. 
Prostrate variants: These plants possessed large number of branches and had 
a tendency of lying close to the ground at least for some distance and rising up. 
Maturity was delayed by more than 7 days but the yield remains unaffected. 
Vegetative variants: Such plants were noticed in SA treatments in the var. 
Pant U-30. They had an erect stem and continued to grow vegetatively by the 
time other plants were setting pods. 
4.4. Cytological studies 
Meiotic studies were carried out to estimate the potency of mutagens 
in relation to the induction of chromosomal aberrations at various stages of cell 
division. Urdbean contains 11 bivalents (2n=22) which are small in size. 
Meiosis in urdbean treated with lower concentrations of mutagens revealed 
more or less normal pairing like that of control. Various types of chromosomal 
aberrations viz., laggards, bridges, micronuclei, cytomixis and stickiness were 
observed at the higher concentrations of the mutagens (Plate VII). The 
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maximum abnormalities were induced by EMS followed by EMS+SA and SA 
in both the varieties. 
4.5. Quantitative traits 
Data recorded on nine quantitative traits namely, plant height (cm), 
days to flowering, days to maturity, clusters/plant, pods/plant, pod length (cm), 
seeds/pod, 100 seed weight (g) and total plant yield (g) in mutagenized 
population of urdbean in Mi generation are presented in Tables 23-40. Data 
were subjected to statistical analysis to find out range, mean, shift in mean and 
coefficient of variation for the control and treated populations. Though the 
mean values of different quantitative traits shifted in both positive and negative 
direction from the control, but the shift was found to be insignificant in most of 
mutagenic treatments. The values of coefficient of variation differed from trait 
to trait and were found to be increased over the control" in most of the 
treatments. In general, combination treatments (EMS + SA) were effective than 
EMS and SA treatments. 
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Table 23: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for plant height (cm) of urdbean 
var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
17-37 
19-37 
10-25 
8-30 
8-25 
18-36 
15-32 
7-32 
6-15 
10-24 
8-21 
8-22 
8-20 
MeaniS.E. 
27.50±1.42 
27.13±1.08 
20.20±0.93 
17.93±2.09 
16.50±1.49 
25.00±1.42 
23.40±1.25 
16.86±2.01 
11.40±0.77 
17.80±1.01 
15.26±1.24 
14.80±1.18 
14.00±1.14 
Shift in X 
-
- 0.37 
- 7.30 
- 9.57 
-11.00 
5.49 
4.12 
- 2.50 
- 4.10 
- 10.64 
- 16.10 
5.98 
4.49 
- 9.70 
- 12.24 
- 12.70 
- 13.50 
5.23 
3.93 
C.V.(%) 
j 
1 
20.03 : 
15.40 
17.92 1 
45.23 
35.03 
22.04 
20.76 
46.20 
26.22 
21.96 
31.65 
30.87 
31.71 
Table 24: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for plant height (cm) of 
urdbean var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
21-34 
16-26 
16-30 
8-32 
16-26 
10-36 
8-30 
7-26 
7-30 
10-15 
10-15 
10-15 
10-20 
MeaniS.E. 
26.86±0.97 
21.00±0.79 
21.26±1.16 
18.26±1.74 
19.93±0.82 
23.13±1.68 
17.06±1.60 
17.13±1.66 
12.66±1.66 
7.40 ±1.65 
5.20 ±1.74 
5.53 ±1.60 
11.80±1.72 
Shift in X 
-
-5.86 
-5.60 
-8.60 
-6.93 
4.84 
3.64 
- 3.37 
- 9.80 
- 9.73 
-14.20 
6.61 
4.96 
- 19.46 
- 21.66 
- 21.33 
- 15.06 
7.82 
5.88 
CV. (%) ! 
14.03 
14.71 
21.21 i 
36.96 
16.10 
28.23 
36.40 
37.65 
49.36 
86.75 
130.19 
112.65 
56.52 
Table 25: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for days to flowering of 
urdbean var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
35-37 
36-39 
36-39 
38-40 
38-40 
38-40 
39-42 
39-42 
39-42 
40-44 
40-44 
40-46 
39-46 
MeaniS.E. 
40.73±0.20 
40.33±0.22 
40.46±0.21 
40.46±0.19 
40.20±0.22 
40.00±0.21 
40.80±0.24 
4L00±0.27 
40.70±0.28 
40.30±0.18 
40.20±0.20 
40.80±0.22 
40.40±0.25 
Shift in X 
-
-0.40 
-0.27 
-0.27 
-0.53 
0.80 
0.60 
-0.73 
+0.07 
+0.27 
-0.03 
0.93 
0.69 
-0.43 
-0.53 
+0.07 
-0.33 
0.81 
0.61 
CV. (%) 
2.21 
2.38 
2.21 
1.87 
2.19 
2.15 
2.30 
2.58 
2.67 
1.66 
1.82 
1.91 
2.18 
Table 26: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for days to flowering of 
urdbean var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
35-39 
36-39 
36-39 
36-39 
37-40 
35-37 
36-39 
38-40 
38-41 
39-40 
39-41 
39-41 
40-43 
MeaniS.E. 
39.50±0.24 
39.00±0.21 
39.80±0.27 
39.80±0.24 
39.20±0.26 
39.00±0.20 
39.30±0.25 
39.90±0.24 
40.15±0.26 
39.26±0.20 
39.06±0.20 
39.93±0.24 
39.93±0.24 
Shift in X 
~ 
-0.50 
+0.30 
+0.30 
-0.30 
0.93 
0.70 
-0.50 
-0.20 
+0.40 
+0.65 
0.91 
0.69 
-0.24 
-0.44 
+0.43 
+0.43 
0.86 
0.65 
CV. (%) 
2.59 
2.27 
2.80 
2.48 
2.69 
2.13 
2.46 
2.40 
2.53 
2.01 
1.97 
2.34 
2.28 
Table 27: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for days to maturity of 
urdbean var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
63-65 
66-68 
66-68 
67-69 
67-69 
66-69 
66-69 
68-70 
68-70 
67-70 
68-71 
68-70 
68-71 
MeaniS.E. 
69.46±0.23 
69.06±0.20 
69.13±0.21 
69.86±0.19 
69.00±0.19 
69.66±0.20 
69.06±0.24 
69.73±0.18 
69.26±0.18 
69.26±0.22 
69.20±0.24 
69.93±0.20 
69.60±0.25 
Shift in X 
-
-0.40 
-0.33 
+0.40 
-0.46 
0.78 
0.59 
+0.20 
-0.40 
+0.27 
-0.20 
0.80 
0.60 
-0.20 
-0.26 
+0.47 
+0.14 
0.88 
0.66 
CV. (%) 
1.41 
1.17 
1.23 
1.09 
1.10 
i 1 
1.19 
1.41 
1.01 
1.01 
1.28 
1.35 
1.14 
1.40 
Table 28: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for days to maturity of 
urdbean var.Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
63-66 
64-67 
65-67 
65-68 
66-69 
66-68 
67-69 
68-70 
68-71 
67-69 
68-70 
68-70 
68-71 
MeaniS.E. 
68.73±0.26 
68.80±0.27 
68.33±0.18 
68.06±0.28 
67.86±0.25 
68.26±0.01 
68.26±0.20 
68.86±0.27 
68.80±0.26 
68.00±0.19 
69.26±0.20 
68.33±0.18 
68.00±0.25 
Shift in X 
~ 
+0.07 
-0.40 
-0.67 
-0.87 
0.96 
0.72 
-0.47 
-0.47 
+0.13 
+0.07 
0.90 
0.68 
-0.73 
+0.53 
-0.40 
-0.73 
0.77 
0.58 
CV. (%) 
1.59 
1.64 
1.08 ; 
1.62 
1.45 
1.04 
1.15 
1.53 
1.44 
1.10 
1.14 
1.03 
1.42 
Table 29: Estimates of range, mean values (X) , shift in mean and 
coefficient of variation (CV) for clusters/plant of urdbean 
var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
7-19 
7-22 
8-18 
5-14 
6-13 
5-11 
4-12 
2-10 
3-8 
7-14 
5-14 
3-10 
3-10 
MeaniS.E. 
9.26±1.11 
9.46±1.04 
9.53±0.72 
9.60±0.64 
9.40±0.52 
9.06±0.39 
8.86±0.56 
9.93±0.62 
9.80±0.43 
9.40±0.56 
10.20±0.67 
9.26±0.67 
9.20±0.55 
Shift in X 
-
+0.20 
+0.27 
+0.34 
+0.14 
3.16 
2.38 
-0.20 
-0.40 
+0.67 
+0.53 
2.56 
1.92 
+0.14 
+0.94 
0.00 
-0.06 
2.81 
2.11 
CV. (%) 
32.65 i 
32.34 i 
22.26 
26.04 
21.48 
21.67 
24.71 
40.97 
29.13 
i 
23.29 
25.68 
36.22 
34.51 
Table 30: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for clusters/plant of urdbean 
var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
8-17 
6-15 
7-14 
8-15 
7-10 
5-10 
4-10 
3-7 
2-7 
5-14 
5-11 
4-10 
3-10 
MeaniS.E. 
9.46±0.63 
9.86±0.65 
9.46±0.52 
11.40±0.51 
8.46±0.38 
9.73±0.40 
9.26±0.43 
9.40±0.29 
9.46±0.32 
10.20±0.67 
9.06±0.39 
9.26±0.43 
9.20±0.55 
Shift in X 
~ 
+0.40 
0.00 
+1.94 
-1.00 
2.14 
1.61 
+0.27 
-0.20 
-0.06 
0.00 
1.69 
1.27 
+0.74 
-0.40 
-0.20 
-0.26 
2.07 
1.56 
CV. (%) 1 
21.29 
32.44 
21.35 
17.45 
17.61 
20.18 
26.99 
25.90 
36.12 
25.68 
21.67 
26.99 
34.51 
Table 31: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for pods/plant of urdbean var. 
T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
20-50 
19-46 
20-40 
11-30 
10-28 
12-22 
6-24 
5-26 
6-19 
17-30 
11-36 
7-38 
6-19 
MeaniS.E. 
32.73±2.38 
31.20±2.38 
27.86±1.31 
32.46±1.47 
32.93±1.22 
32.80±0.94 
32.66±1.52 
32.00±1.81 
32.86±0.89 
32.73±1.13 
32.26±1.69 
32.00±1.82 
32.00±0.97 
Shift in X 
~ 
-1.53 
-4.87 
-0.27 
+0.20 
6.68 
5.16 
+0.07 
-0.07 
-0.73 
+0.13 
6.06 
4.56 
0.00 
-0.47 
-0.73 
-0.73 
6.30 
4.74 
CV. (%) 
28.23 
29.55 
18.23 
24.33 
22.64 
24.59 
31.72 
43.93 
26.90 
21.17 
28.15 
39.27 
26.85 
Table 32: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for pods/plant of urdbean var. 
Pant U-30, 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
15-35 
8-28 
15-40 
16-36 
13-24 
12-28 
12-32 
9-20 
5-17 
12-29 
11-27 
9-21 
8-19 
MeaniS.E. 
23.40±1.34 
23.46±1.07 
22.46±1.58 
25.06±1.31 
20.00±0.86 
23.33±1.14 
23.80±1.24 
23.33±0.87 
23.00±0.76 
23.46±1.64 
23.33±1.21 
23.39±1.28 
23.42±1.47 
Shift in X 
-
+0.06 
-0.94 
+ 1.66 
-3.40 
4.91 
3.68 
-0.07 
+0.40 
-0.07 
-0.40 
4.27 
3.21 
+0.06 
-0.07 
-0.01 
+0.02 
3.96 
3.45 
CV. (%) 
22.30 
25.27 
27.38 
20.31 
16.70 
24.16 
24.29 
23.65 
29.60 
27.10 
19.67 
21.29 
24.38 
Table 33: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for pod length (cm) of urdbean 
var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
2.2-4.2 
2.0-4.0 
2.0-4.3 
2.0-4.0 
2.0-3.2 
2.3-4.1 
2.1-3.5 
2.0-3.5 
2.1-3.0 
2.5-4.2 
2.2-4.0 
2.5-4.0 
2.5-4.1 
MeaniS.E. 
2.44±0.16 
2.94±0.14 
2.92±0.17 
2.86±0.15 
2.64±0.11 
2.08±0.14 
2.76±0.11 
2.77±0.11 
2.58±0.07 
2.36±0.12 
2.08±0.13 
2.20±0.10 
2.26±0.12 
Shift in X 
~ 
+0.50 
+0.48 
+0.42 
+0.20 
0.56 
0.42 
-0.36 
+0.32 
+0.33 
+0.14 
0.47 
0.36 
-0.08 
-0.36 
-0.24 
-0.18 
0.49 
0.37 
CV. (%) 
18.02 
19.04 
22.94 
21.32 
16.28 
18.83 
15.57 
16.24 
11.62 
14.88 
16.55 
13.12 
14.72 
Table 34: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for pod length (cm) of urdbean 
var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
2.4-4.0 
2.0-4.2 
2.1-3.0 
2.1-3.6 
2.1-3.4 
2.1-3.0 
2.0-3.1 
2.1-3.2 
2.0-3.2 
2.5-3.2 
2.0-3.0 
2.0-3.1 
2.2-3.1 
MeaniS.E. 
2.96±0.11 
2.91 ±0.17 
2.58±0.07 
2.60±0.11 
2.76±0.11 
2.68±0.07 
2.67±0.09 
2.69±0.11 
2.66±0.12 
2.70±0.09 
2.72±0.08 
2.79±0.09 
2.77±0.07 
Shift in X 
— 
-0.05 
-0.38 
-0.30 
-0.20 
0.46 
0.38 
-0.28 
-0.29 
-0.27 
-0.30 
0.40 
0.30 
-0.26 
-0.24 
-0.17 
-0.19 
0.35 
0.26 
CV. (%) 
15.54 
22.68 
11.62 
17.57 
15.57 
11.62 
13.67 
16.73 
17.66 
13.33 
12.40 
13.85 
10.10 
Table 35: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for seeds/pod of urdbean var. 
T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
O.I%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
4-7 
2-7 
2-7 
2-7 
2-7 
3-7 
4-7 
3-6 
3-5 
4-7 
4-7 
5-7 
4-7 
MeaniS.E. 
5.46±0.33 
5.06±0.36 
4.80±0.37 
4.73±0.35 
4.60±0.39 
5.40±0.34 
5.33±0.28 
5.00±0.25 
4.53±0.21 
5.73±0.22 
5.60±0.21 
5.93±0.18 
5.73±0.24 
Shift in X 
~ 
-0.40 
-0.66 
-0.73 
-0.86 
L38 
L04 
-0.06 
-0.13 
-0.46 
-0.93 
1.10 
0.82 
+0.27 
+0.14 
+0.47 
+0.27 
0.92 
0.69 
CV. (%) 
23.80 
28.26 
30.62 
29.17 
33.47 
25.00 
20.82 
20.00 
18.32 
15.35 
14.64 
11.80 
16.75 
Table 36: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for seeds/pod of urdbean var. 
Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
3-7 
2-6 
3-6 
3-6 
2-6 
3-7 
3-6 
3-6 
3-7 
2-6 
3-6 
3-6 
4-6 
MeaniS.E. 
5.00±0.29 
4.46±0.30 
4.26±0.39 
4.60±0.25 
4.60±0.34 
4.86±0.27 
4.53±0.25 
4.66±0.25 
4.60±0.37 
4.80±0.32 
5.00±0.25 
5.13±0.23 
4.80±0.22 
Shift in X 
-
-0.54 
-0.74 
-0.40 
-0.40 
1.21 
0.91 
-0.14 
-0.47 
-0.34 
-0.40 
1.10 
0.82 
-0.20 
0.00 
+0.13 
-0.20 
1.0] 
0.76 
CV. (%) 
22.60 
1 
26.45 
35.91 
21.30 
29.34 
21.81 
21.85 
20.81 
31.52 
26.25 
20.00 
17.73 
17.91 
Table 37: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) forlOO seed weight (g) of 
urdbean var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
3.3-3.6 
3.2-3.5 
3.2-3.5 
3.1-3.5 
3.0-3.4 
3.2-3.6 
3.2-3.5 
3.0-3.5 
3.0-3.5 
3.1-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.5 
MeaniS.E. 
3.44±0.02 
3.37±0.02 
3.34±0.02 
3.37±0.03 
3.40±0.03 
3.44±0.03 
3.37±0.02 
3.36±0.03 
3.39±0.04 
3.34±0.02 
3.36±0.03 
3.39±0.04 
3.40±0.04 
Shift in X 
-
-0.07 
-0.10 
-0.07 
-0.04 
0.10 
0.08 
0.00 
-0.07 
-0.08 
-0.05 
0.12 
0.09 
-0.10 
-0.08 
-0.05 
-0.04 
0.13 
0.10 
CV. (%) 
2.61 
2.37 
2.69 
3.63 
4.67 
3.48 
2.37 
4.68 
4.96 
3.29 
4.37 
4.96 
4.98 
Table 38: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for 100 seed weight (g) of 
urdbean var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
3.2-3.6 
3.0-3.4 
3.0-3.4 
3.0-3.3 
3.0-3.4 
3.1-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.5 
3.0-3.2 
MeaniS.E. 
3.38±0.03 
3.40±0.02 
3.45±0.02 
3.43±0.02 
3.46±0.02 
3.45±0.03 
3.39±0.03 
3.28±0.03 
3.40±0.03 
3.39±0.03 
3.45±0.03 
3.44±0.02 
3.42±0.01 
Shift in X 
— 
+0.02 
+0.07 
+0.05 
+0.08 
0.10 
0.08 
+0.07 
+0.01 
-0.10 
+0.02 
0.13 
0.10 
+0.01 
+0.07 
+0.06 
+0.04 
0.11 
0.08 
CV. (%) 
3.84 
3.48 
3.49 
2.84 
3.14 
4.34 
4.62 
3.96 
4.68 
4.68 
4.67 
2.84 
2.25 
Table 39: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for total plant yield (g) of 
urdbean var. T-9. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
4.2-9.2 
5.0-10.2 
5.1-9.5 
5.1-9.7 
4.0-9.2 
4.0-9.3 
4.1-9.4 
4.0-9.1 
3.8-9.0 
3.2-9.3 
3.0-9.2 
3.0-9.1 
3.0-8.5 
MeaniS.E. 
7.44±0.37 
8.00±0.37 
7.91±0.34 
8.04±0.34 
7.21±0.39 
7.53±0.39 
7.56±0.39 
7.19±0.38 
7.17±0.37 
6.96±0.41 
6.88±0.52 
6.70±0.52 
6.42±0.46 
Shift in X 
— 
+0.56 
+0.47 
-0.60 
-0.23 
1.35 
1.03 
+0.09 
+0.12 
-0.25 
-0.27 
1.43 
1.08 
-0.48 
-0.56 
-0.74 
-1.02 
1.74 
1.31 
CV. (%) i 
j 
19.35 
18.12 
16.81 
16.79 
21.08 
20.05 
20.37 
20.72 
20.22 
22.98 
29.65 
30.14 
28.19 
Table 40: Estimates of range, mean values (X), shift in mean and 
coefficient of variation (CV) for total plant yield (g) of 
urdbean var. Pant U-30. 
Treatment 
Control 
0.1%EMS 
0.2%EMS 
0.3%EMS 
0.4%EMS 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.01%SA 
0.02%SA 
0.03%SA 
0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
0.1%EMS+0.01%SA 
0.2%EMS+0.02%SA 
0.3%EMS+0.03%SA 
0.4%EMS+0.04%SA 
L.S.D. 
(p<0.01) 
(p<0.05) 
Range 
4.3-9.0 
5.0-9.7 
5.1-9.5 
4.0-9.3 
3.8-9.0 
4.1-9.4 
4.2-9.2 
4.0-9.2 
3.8-9.0 
4.3-8.9 
4.1-8.8 
4.0-8.7 
3.5-8.6 
MeaniS.E. 
7.36±0.34 
8.04±0.35 
7.91±0.34 
7.53±0.39 
7.17±0.37 
7.56±0.39 
7.44±0.37 
7.21±0.39 
7.17±0.37 
7.30±0.33 
7.10±0.33 
6.97±0.32 
6.56±0.31 
Shift in X 
— 
+0.68 
+0.55 
+0.17 
-0.19 
1.35 
1.02 
+0.20 
+0.08 
-0.15 
-0.19 
1.40 
1.06 
-0.06 
-0.26 
-0.39 
-0.80 
1.22 
0.92 
CV. (%) 
17.93 
1 
16.79 i 
16.81 
20.05 
20.22 
20.37 
19.35 
21.08 
20.22 
17.53 
18.16 
18.22 
18.86 
Plate I: Cotyledonary abnormalities in the treated population of urdbean. 
Fig.l. Control seedlings with a normal pair of cotyledonary leaves 
Fig.2. A single cotyledonary leaf 
Fig. 3. An extra cotyledonary leaf 
Fig.4. An extra pair of cotyledonary leaves 
PLATE-I 
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Plate II: Abnormalities in shape and size of leaflets in the treated 
population of urdbean. 
Fig.l. Control (trifoliate) 
Fig. 2. Broad and thick leaves 
Fig. 3. Leafleats are round instead of pointed 
Fig.4. Narrow and long leaves 
PLATE-II 
J 
1 
r. 
Plate III: Abnormalities in shape and number of leaflets in the treated 
population of urdbean. 
Fig.l. A simple leaf (unifoliate) 
Fig.2. Biofoliate 
Fig.3. Tetrafoliate 
Fig.4. Tetrafoliate- two leaflets are reduced in size and fused at the 
base 
Fig.5. Fused leaflets with free apices and a leaflet 
PLATE-III 
Plate IV: Morphological variants. 
Fig. 1. A control plant 
Fig.2. A compact variant with reduced length of petioles 
Fig.3. A dwarf variant bearing few pods 
Fig.4. A tall variant 
Fig. 5. A vegetative variant 
PLATE-IV 
Plate V: Morphological variants. 
Fig. 1. A prostrate variant with large number of branches 
Fig.2. A narrow leaves variant 
Fig. 3. A broad leaves variant 
PLATE-V 
Plate VI: Penducles bearing bold pods, increased number of pods per cluster 
and bold seeds. 
Fig.l. Control 
Fig.2. Increased pods/cluster and bold pods 
Fig.3. Seeds of control (untreated) plant and Bold and dull black 
seeds of some plants treated with mutagens 
PLATE-VI 
r% 
Plate VII: PMC's showing meiotic abnormalities in the treated 
population of urdbean. 
Fig. 1. 11 bivalents at Metaphase-I 
Fig.2. Stickiness of chromosomes at Metaphase-I 
Fig.3&4. Lagging chromosome (laggard) at Anaphase-I 
Fig.5. Bridge formation at Anaphase-I 
Fig.6. Stickiness of chromosomes at Metaphase-II 
Fig.7. Three daughter nuclei at Telophase-II 
Fig. 8. Micronuclei at Telophase-II 
Fig.9. Cytomixis at Telophase-II 
PLATE-VII 
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Chapter-5 
DISCUSSION 
The genetic improvement of any crop mainly depends on the presence 
of genetic variability which arises either spontaneously or can be induced by 
the breeder. The studies of biological damage in terms of seed germination, 
growth injury at seedling stage, plant survival at maturity, pollen fertility and 
meiotic behavior in M| generation are generally used to evaluate the mutagenic 
sensitivity of biological system under study. The present study in urdbean was, 
therefore, undertaken to ascertain the basic information regarding the biological 
damage and certain quantitative traits in two varieties (T-9 and Pant U-30) of 
urdbean in Mi generation. 
Generally, a gradual decrease in percent seed germination with 
increasing concentrations of mutagens has been observed. The reduced 
germination due to inhibitory effects of chemical mutagens as observed in the 
present study in urdbean has also reported by Khan and Siddiqui (1987b), Khan 
et al. (1998a) and Khan and Wani (2005) in mungbean, Jayabalan and Rao 
(1987) in Lycopersicon esculentum , Lakshmi et al. (1988) in chilli, Vandana 
and Dubey (1988) and Kumar et al. (1993) in faba bean, Vanniarajan et al. 
(1994) in urdbean and Verma et al. (1999) in Lens culinaris. 
The reduction was more pronounced in the combined treatments (EMS 
+SA). This may be due to synergestic effects of mutagens. The synergestic 
effect of chemical mutagens have been reported, when they were used in 
combination, in barley (Khalatkar and Bhatia,1975; Argumugam et a/., 1997) 
and in urd and mung bean (Ignacimuthu and Babu,1988). The synergism 
among two mutagens may be firstly because of first mutagens treatment 
making accessible, otherwise non available sites for reaction, to the second 
mutagen and secondly, premutational lesions induced by the first mutagen 
become fixed due to an inhibitory effect of the second mutagen on repair 
enzyme (Sharma,1970; Payez znd Deering,1972). Both these pathways should 
yield a frequency of mutation higher than the total of the two mutagens applied 
individually. Similarly in the present study, the combination treatments induced 
more reduction in seed germination in both the varieties of urdbean. 
Several workers have attempted to explain the causes responsible for 
inhibition of seed germination. Srivastava (1979) considered that reduction in 
germination percentage was due to weakening and disturbance of growth 
process. The inhibition may also be due to the interaction between the mutagen 
and seed cell system. The imbibed mutagens in the cell may imbalance the cell 
system and inhibit the normal metabolic activity. 
It has been observed that mutagens besides reducing the percentage of 
seed germination have also caused a remarkable delay in the initiation of seed 
germination. The delayed germination as observed in urdbean has also been 
reported in other plants following mutagenic treatments by Bajaj et al. (1970) 
in Phaseolus vulgaris, Rao (1983) in pearl millet, Khan (1990) and Khan and 
Wani (2004) in mungbean. 
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Delayed germination may be attributed to the depression in the rate of 
mitotic proliferations. The denatured DNA, after some times may be repaired 
resulting in the activation of biological process involved in germination, thus 
germination may be delayed (Hutterman et a/., 1978). 
In the present study varying degrees of pollen sterility have been 
observed in various mutagenic treatments. The pollen fertility decreased with 
increasing concentration of mutagens. Similar results have been reported earlier 
by Athma and Reddy (1986) in castor, Jayabalan and Rao (1987) in 
Lycopersicon esculentum, Vandana and Dubey (1988) in Vicia faba, 
Ignacimuthu and Babu (1988) in urd and mung beans, Rehman (2000) in 
urdbean and Ignacimuthu and Sakthivel (1989) in Vigna radiata. Combined 
treatments induced more sterility than individual treatments of EMS and SA, 
conforming the finding of Kumar et al. (1993) in faba bean and Arumugam et 
al. (1997) in barley. Myers et al. (1992) found that the premature degeneration 
of the tapetum, which surves as a nutritive tissue to sporogenous cells, might be 
the reason for increased pollen sterility in pea. 
Many researchers considered that the meiotic abnormalities are 
responsible for pollen sterility (Sinha and Godward,1972; Krishna et a/.,1984; 
Datta and Biswas,1985; Kaul,1990; Zeerak,1992; Pagliarini et a/.,1992 and 
Consolaro et a/., 1996), because meiosis is more prone to any conceivable type 
of disturbance. Rehman (2000) found that the presence of laggards, stickiness, 
univalents and micronuclei are closely associated with sterility. Jayabalan and 
Rao (1987) considered that the pollen sterility which is proportional to dosage, 
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seems to be cumulative effects of various abnormal meiotic stages observed 
together with some physiological and genetic damages induced by breakage of 
chromosomes. It may therefore, be assumed that in the chemically treated 
population of Vigna mungo, cytological (laggards, stickiness, bridges etc.) and 
physiological causes were responsible for the sterility of the pollen grains. 
Plant survival showed dose dependent reduction in combined (EMS + 
SA) and SA treatments. These results are contrary to the findings of Mehraj-
ud-din (2001) and Parveen (2004) who reported no relationship between the 
concentrations of mutagens and final plant survival. The reduction in survival 
of the treated population could be due to disturbed physiological processes or 
chromosomal damage leading to mitotic arrest. 
The growth rate of seedlings raised from the treated seeds exhibited 
decreasing trend from lower to higher concentrations of mutagens. The 
reduction in seedling height following mutagenic treatment is mainly due to the 
uneven damage to meristematic cells as a consequence of genetic injury. The 
badly damaged cells would produce few cells progeny and growth would recur 
from those cells which are genetically least damage. 
The extent of decrease in seed germination, pollen fertility, plant 
survival and seedling height was not uniform in two varieties studied. Such a 
differential response has been reported earlier also in Oryza sativa (Rao and 
Rao, 1983), Vigna radiata (Khan and Siddiqui,1988) and Cicer arietinum 
(Parveen,2006).Comparative mutagenicity of different mutagens in two 
varieties (T-9 and Pant U-30) reflaxed the differences in their genome 
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architecture. This is further testified by the fact that the var. Pant U-30 was a 
product of intervarietal hybridization, while the var. T-9 was developed 
through selection. Khamankar (1974) found in tomato that the rate of mutations 
was different with different mutagens at certain loci. Some of the gene loci 
affected by one mutagen were not necessarily affected by the other. 
Development of abnormal cotyledonary and foliage leaves was among 
the most common abnormalities noticed in most treatments by EMS, SA and 
EMS + SA. The factors responsible for the induction of these abnormalities due 
to mutagens are not well known. However, it is known that anomoly in the 
proportion of growth hormones in the treated materials may be responsible for 
cotyledonary abnormalities. Grover and Tejpaul (1982) held a similar opinion 
for the occurrence of the chromosomal aberrations. The presence of a single 
cotyledonary leaf in some seedlings may be due to either cytochemical 
disturbances or to the acute chromosomal aberrations leading to the death of 
leaf primodia or of the embryonal cells responsible for leaf development. 
Development of extra cotyledonary leaf, on the other hand, indicates the 
formation and involvement of additional leaf primodia or embryonal cell. 
Blixt (1972) stated that leaf aberrations seem to be closely related to 
the actual mutation process and these are most easily induced in leguminous 
plants. The altered metabolism as a result of cellular damage may also be one 
of the reasons for foliage abnormalities (Khan and Siddiqui,1996). 
Several morphological variants were also isolated on the screening of 
Ml population. These variants differ from control and also among themselves 
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in height, growth and flowering habit. The frequency of morphological variants 
differed in different mutagenic treatments and also between varieties. Various 
investigators suggested that such variants might be either the result of 
pleiotropic effects of mutated genes or a cryptic chromosome deletion. 
Study of the meiotic behaviour of mutagen treated population forms a 
reliable index for estimating the type of effects of mutagens. Varying degree of 
meiotic abnormailities was recorded in the present study. These abnormalities 
were found to be dose dependent. Dose dependent increase in frequency of 
different chromosomal aberrations has also been reported in mungbean 
(Ignacimuthu and Babu,1989; Azad,1998), lentil (Reddy and Annadurai,1992; 
Agarwal,2007) and chickpea (Bhat,2001). Chromosomal abnormalities induced 
by SA are much less compared to EMS used singly or in combination with SA. 
Similar results have also been reported in Hordeum vulgare (Nilan et a/.,1973; 
Sander et a/.,1978; Kleinhofs et a/.,1978) and in urdbean (Rehman,2000). The 
differences in the degree of chromosomal aberrations induced by mutagens 
may be related to the differences in their mechanism of action. Sodium azide 
was found to be a very effective mutagen under certain treatment conditions 
(Kleinhofs et a/., 1974); it made possible to obtain high mutation frequency, 
mostly gene mutations, with negligible frequency of chromosomal aberrations. 
For most of the quantitative traits studied in Mi generation, no 
appreciable change in mean values was observed. This may be due to the fact 
that macromutations were excluded from the assessment of mean values and 
data were recorded on normal looking Mi plants only. Khan and Siddiqui 
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(1995) reported variable response of quantitative characters to different 
mutagenic treatments in mungbean. 
Results revealed that the lower concentrations of chemical mutagens 
and combined (EMS + SA) treatments used in the present study proved to be 
efficient in increasing the variability for yield and yield components. Thus, the 
variability induced by the chemical mutagens can effectively be exploited for 
the improvement of urdbean. 
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Chapter-6 
SUMMARY 
The present study was undertaken using two chemical mutagens viz., 
ethylmethane sulphonate (EMS), an alkylating agent, alone and in combination 
with sodium azide (SA) and SA, a base analogue, alone in two varieties viz., T-
9 and Pant U-30 of urdbean (Vigna mungo (L.) Hepper). An attempt was made 
to explore the possibility of inducing variability for nine quantitative traits 
namely, plant height (cm), days to flowering, days to maturity, clusters/plant, 
pods/plant, pod length (cm), seeds/pod, 100 seed weight (g) and total plant 
yield (g). The other aspects of the study were: (i) to study the biological 
damage (seed germination, pollen fertility, plant survival, seedling height and 
meiotic abnormalities) caused in Mi generation, (ii) to test the effectiveness of 
chemical mutagens for the induction of quantitative variability, (iii) to study the 
frequency and spectrum of morphological variants and, (iv) to study the 
differential response of the two varieties (T-9 and Pant U-30) of urdbean to 
various chemical mutagens. 
A dose dependent reduction in M] biological parameters was observed 
with increasing concentrations of mutagens used singly or in combination. 
However, the mutagens differed in the extent of damage caused. Combined 
treatments (EMS+SA) were cause maximum reduction in seed germination and 
seedling height followed by SA and EMS treatments. Based on the pollen 
fertility, EMS+SA treatments were found to be more effective followed by 
EMS and SA. 
A wide range of morphological variations were identified on the 
screening of Mi population. Their frequency of occurrence differed among the 
mutagens and also between the two varieties. Variety Pant U-30 showed 
maximum frequency than the var. T-9. 
Attempts were made to ascertain the effect of the mutagenic 
treatments on mean and coefficient of variation (CV) of quantitative traits in 
Ml generation. Mean values for most of the quantitative traits remained 
unchanged in the treated population. However, the coefficient of variation 
differed from trait to trait. Combined treatments were most effective in 
inducing variability than EMS and SA treatments. Differential varietal response 
with regard to mutagenic sensitivity was observed. 
Results showed that the lower concentrations of chemical mutagens 
and combined treatments proved to be effective in generating variability in 
both the varieties of urdbean. 
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